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                                             ABSTRACT 
This study has been conducted in central Northern State of Sudan which is 
situated in the South eastern boundary of the Sahara desert. A brief account 
on the environmental setting including climate, geomorphology, sand 
sources, and wind was given. The main objective of the study is to assess 
and map wind erosion in the Northern State, specify its magnitude and 
impact on  socio-economic activities and propose some measures for its  
mitigation.   
Relevant landsat imageries were interpreted and the data acquired    coupled 
with field measurements of drifting sand rates by the method of sand traps 
were used. This combination furnished the base for conducting mapping 
and further assessing wind erosion hazards. The final results of this 
undertaken is the production of wind erosion hazard map Fig.(4.12),which 
indicates that:   
- The study area is barren. 
- Main terrain types of the study area are dunes, sand sheet and desert 
pavement.  
- Rates of sand drift varied widely from site to site during any given 
period, depending upon terrain type; generally the average mean rates 
drift  was 16.7m3/m-w/yr (cubic meter per meter width per year) in the 
sites located at the right bank of the River Nile and between 3.6–4.2 
m3/m-w/yr in the sites located at the left bank of the river. Pronounced 
transport of drifting sand was observed during the months February to 
 v
May and from August to September, while minimum transport was 
observed during November to December.  
- Average mean drifts sand   from (S + SW + W) directions accounted for  
37 % for the site at the left bank  and 12% for Elkhawie dune field right 
bank site for season 2005/2006.  
- The amount of sand encroaching into the Nile course was measured to 
be 0.0454 m3/m-w/day (45.5m3/km-width/day).         
- Rates of dune advance range was between 6 – 23 m/yr. 
- Field measurement revealed that nearly 80% saltating sand 
accumulations occurred within 0-30 cm from soil surface and then 
decrease with the height.  
- The winds which are causing the greatest sand movement are the 
Northerly or North-north easterly winds blowing  from October to May 
and being worst from February to May.  
- Reversal of wind direction primarily occurring during khareef months 
cause small Northward facing slipfaces on top of the dune.Fig.3.3.d 
- The percentage of sand accumulation decreased with increasing sand 
trap height, nearly 80% occurred within the depth 0-30cm  
- Grain size analysis showed that values of median M50 and mean 
diameter Mz are similar for each sample that belong to the samples 
under investigation. 
- On the basis of grain size it was possible to differentiate between sand 
plain (Al Baja),  dune fields (Al khowie) and drifting sands.  
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- Data on inclusive standard deviation (σ1) defined as a measure of the 
spread about the mean, or sorting in Table 2.3 showed sorting values  
indicative of very well sorting. 
- Mean average of inclusive graphic kurtosis (Kg); defined as the 
peakedness of distribution in Table 2.3 showed mesokurtic distribution, 
meaning that most of the sand samples are closely reassembled a 
normal frequency distribution. 
- Due to the  continuous incidence of el Shamal winds  blowing from the 
northerly direction, new dunes are formed and old ones became 
enlarged due to the increase in the amount  of sand available for 
transport .These dunes encroach on roads, building , and the River Nile 
course. Consequently, there is a need for mapping and monitoring the 
process so that remedial actions can be taken.  
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  ﺺ اﻷﻃﺮوﺣﺔﻠﺨﺴﺘﻣ
ﺑﻴﺔ اﻟﺸﺮﻗﻴﺔ  اﻟﺘﺨﻮم اﻟﺠﻨﻮاﻟﺬي ﻳﻘﻊ ﻓﻲ  اﻟﻘﻄﺎع اﻻوﺳﻂ ﻣﻦ اﻟﻮﻻﻳﺔ اﻟﺸﻤﺎﻟﻴﺔأﺟﺮﻳﺖ اﻟﺪراﺳﺔ ﻓﻲ
 ﻣﻦ ﺗﺄﺛﻴﺮ راﺳﺔ ﺑﺎﻟﺘﺮآﻴﺰ ﻋﻠﻰ اﻟﻤﻨﺎخ ﻟﻤﺎ ﻟﻪﻣﻘﺪﻣﺔ ﻗﺼﻴﺮة ﻋﻦ ﻣﻨﻄﻘﺔ اﻟﺪاﻋﺪت . ﻟﻠﺼﺤﺮاء اﻟﻜﺒﺮي
  . ﻣﺒﺎﺷﺮ ﻋﻠﻰ ﺣﺮآﺔ اﻟﺮﻣﺎل وﻣﻮرﻓﻮﻟﻮﺟﻲ اﻟﻤﻨﻄﻘﺔ وﻣﺼﺪر اﻟﺮﻣﺎل وﻧﻈﺎم اﻟﺮﻳﺎح ﺑﻤﻨﻄﻘﺔ اﻟﺪراﺳﺔ
وﺗﻘﻨﻴﺔ ﺨﺪﻣﺎ  ﻣﺼﺎﺋﺪ اﻟﺮﻣﻞ اﻟﺮﻣﺎل اﻟﻤﺘﺤﺮآﺔ ﻣﺴﺘ ﻣﺆﺷﺮاتﺗﺤﺪﻳﺪ ﺑﻌﺾ ﻟﻠﺪراﺳﺔ هﻮ   اﻟﻬﺪف اﻟﺮﺋﺴﻰ
 اﻟﻤﺒﺎﺷﺮ ﻋﻠﻰ اﻟﺴﻜﺎن واﻟﻨﺸﺎط ﺗﺄﺛﻴﺮهﺎ وﺗﺤﺪﻳﺪ اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ وﺗﺤﻠﻴﻞ اﻟﺼﻮر اﻟﺠﻮﻳﺔ،
  . اﻻﻗﺘﺼﺎدي ﺑﻤﻨﻄﻘﺔ اﻟﺪراﺳﺔ واﻗﺘﺮاح ﺑﻌﺾ اﻟﻤﻌﺎﻟﺠﺎت
 ﺔ اﻟﺼﻨﺎﻋﻴﺔ ﻟﻤﻨﻄﻘﺔ اﻟﺪراﺳﺔ ﻣﻘﺮوﻧﺎ ﻣﻊ اﻟﻘﻴﺎﺳﺎت اﻟﺤﻘﻠﻴﺔ ﻟﻠﺮﻣﺎل اﻟﻤﺘﺤﺮآاﻷﻗﻤﺎرﺗﻢ ﺗﻔﺴﻴﺮ ﺻﻮر 
  .  ﻟﻤﻨﻄﻘﺔ اﻟﺪراﺳﺔﻳﺤﻴﺔ اﻟﺮ ﻟﻌﻤﻠﻴﺔ ﺗﺨﺮﻳﻂ وﺗﺜﻤﻴﻦ ﺧﻄﻮرة اﻟﺘﻌﺮﻳﺔ آﺄﺳﺎسﻟﺮﻣﺎل ﻣﺼﺎﺋﺪ اﺑﻮاﺳﻄﺔ 
    :ﻣﻮﺿﺤﺎ اﻻﺗﻰ.( 21.4ﺷﻜﻞ ) اﻋﺘﻤﺎد ﻋﻠﻰ اﻟﺨﺮﻳﻄﺔ
  (.  ﻗﺎﺣﻞ)ﺗﺘﻤﻴﺰ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ ﺑﻤﻨﺎخ ﺣﺎر ﺟﺎف  •
  إﻟﻰ أﺧﺮى وﻣﺘﻮﺳﻂ ﺣﺮآﺔ اﻟﺮﻣﺎل ﺑﺎﻟﻤﺘﺮﻣﺘﻮﺳﻂ ﻣﻌﺪل ﺣﺮآﺔ اﻟﺮﻣﺎل ﻳﺨﺘﻠﻒ ﻣﻦ ﻣﻨﻄﻘﺔ •
.  ﻣﻨﻄﻘﺔ اﻟﺨﻮي ﻓﻰ ﺑﺎﻟﻀﻔﺔ اﻟﺸﺮﻗﻴﺔ ﻟﻠﻨﻴﻞ3 م7.61=  اﻟﻌﺎم  ﻓﻲﻋﺮﺿﻰﻤﻜﻌﺐ ﻟﻜﻞ ﻣﺘﺮاﻟ
( 2.4 – 6.3) ﻓﻲ اﻟﻌﺎم ﻳﺘﺮاوح ﺑﻴﻦ ﻋﺮﺿﻰﻤﻜﻌﺐ ﻟﻜﻞ ﻣﺘﺮاﻟﻤﺘﺮ ﺑﺎﻟﻣﺘﻮﺳﻂ ﺣﺮآﺔ اﻟﺮﻣﺎل 
 .ﺑﺎﻟﻀﻔﺔ اﻟﻐﺮﺑﻴﺔ
 –ﻣﺎﻳﻮ ، أﻏﺴﻄﺲ / أﺑﺮﻳﻞ / ﻣﺎرس / أآﺜﺮ ﺷﻬﻮر اﻟﺴﻨﺔ ﺗﻤﻴﺰًا ﺑﺤﺮآﺔ اﻟﺮﻣﺎل هﻲ ﻓﺒﺮاﻳﺮ  •
 . ﻬﺮي ﻧﻮﻓﻤﺒﺮ ودﻳﺴﻤﺒﺮﺳﺒﺘﻤﺒﺮ وأﻗﻞ ﺷﻬﻮر اﻟﺴﻨﺔ ﺣﺮآﺔ هﻲ ﺷ
ﺗﻘﺪر ( اﻟﺠﻨﻮﺑﻲ، اﻟﺠﻨﻮب اﻟﻐﺮﺑﻲ، اﻟﻐﺮﺑﻲ)ﻣﺘﻮﺳﻂ ﻣﻌﺪل ﺣﺮآﺔ اﻟﺮﻣﺎل ﻓﻲ اﻹﺗﺠﺎﻩ اﻟﻤﻌﺎآﺲ  •
ﻣﻨﻄﻘﺔ وادي اﻟﺨﻮي ﻟﻤﻮﺳﻢ   ﻓﻰﺑﺎﻟﻀﻔﺔ اﻟﺸﺮﻗﻴﺔ ﻟﻠﻨﻴﻞ% 21ﺑﺎﻟﻀﻔﺔ اﻟﻐﺮﺑﻴﺔ، % 83ﺑﺤﻮاﻟﻲ
 . 6002/5002
 ﻓﻲ  ﻋﺮﺿﻰﺮ ﻟﻜﻞ ﻣﺘ3 م4540.0 أو ﺗﺼﺐ ﻓﻲ ﻣﺠﺮى اﻟﻨﻴﻞ ﺑـﺗﺰﺣﻒﺗﻘﺪر آﻤﻴﺔ اﻟﺮﻣﺎل اﻟﺘﻲ  •
 . ﻓﻲ اﻟﻴﻮم ﻟﻜﻞ آﻴﻠﻮﻣﺘﺮ ﻋﺮﺿﻰ3م54اﻟﻴﻮم ﻳﻌﺎدل 
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ﻳﺘﺮاوح (  اﻟﺨﻮي ﻓﻰﻜﺜﺒﺎن اﻟﺮﻣﻠﻴﺔاﻟﻀﻔﺔ اﻟﺸﺮﻗﻴﺔ ﺣﻘﻮل اﻟ)ﻣﻌﺪل ﺣﺮآﺔ اﻟﻜﺜﺒﺎن اﻟﺮﻣﻠﻴﺔ  •
ﻓﻲ اﻟﻌﺎم واﺗﺠﺎﻩ ﺣﺮآﺔ اﻟﻜﺜﺒﺎن اﻟﺮﻣﻠﻴﺔ هﻲ اﻟﺸﻤﺎﻟﻲ اﻟﺸﻤﺎﻟﻲ اﻟﺸﺮﻗﻲ إﻟﻰ ( م32 -6)ﺑﻴﻦ
 (.ج ج غ/ ش ش ق)اﻟﺠﻨﻮب اﻟﺠﻨﻮﺑﻲ اﻟﻐﺮﺑﻲ 
 اﻟﺘﻲ ﺔ اﻟﺸﺮﻗﻴﺔ اﻟﺸﻤﺎﻟﻴﻴﺔ، أو اﻟﺸﻤﺎﻟ اﻟﺸﻤﺎﻟﻴﺔﻟﻤﻌﻈﻢ ﺣﺮآﺔ اﻟﺮﻣﺎل هﻲ اﻟﺮﻳﺎح ﺔ اﻟﻤﺴﺒﺒاﻟﺮﻳﺎح •
 .أﺑﺮﻳﻞ وﻣﺎﻳﻮ/ ﻣﺎرس / ﺗﻬﺐ ﻓﻲ أآﺘﻮﺑﺮ إﻟﻰ ﻣﺎﻳﻮ وأآﺜﺮهﺎ ﺷﺪة ﻳﺤﺪث ﻓﻲ اﻟﺸﻬﻮر ﻓﺒﺮاﻳﺮ 
ﻓﺼﻞ   ﻓﻲ ﺗﻬﺐاﻟﺘﻲ اﻟﺴﺎﺋﺪ اﻟﺮﻳﺎح ﻻﺗﺠﺎﻩ اﻟﻤﻌﺎآﺲ ﺔ اﻟﺮﻳﺎح اﻟﺠﻨﻮﺑﻴ اﺗﺠﺎة ﻧﺘﻴﺠﺔ ﻟﺘﺄﺛﻴﺮ •
اﻻﺗﺠﺎﻩ  إﻟﻰ  اﻻﺗﺠﺎﻩ اﻟﺠﻨﻮﺑﻲ  واﺟﻬﺔ اﻟﻜﺜﺒﺎن ﻣﻦاﺗﺠﺎﻩ ﻓﻲ ﺣﺪوث ﺗﻐﻴﻴﺮاﻟﺨﺮﻳﻒ أدى إﻟﻰ 
 .d.3.3d.ﺻﻮرة . ﻋﻨﺪ ﻗﻤﺔ اﻟﻜﺜﺒﺎناﻟﻤﻀﺎد اﻟﺸﻤﺎﻟﻲ  
 ﻣﻊ زﻳﺎدة  ﻨﺨﻔﺾوﻳﺳﻢ ﻣﻦ ﺳﻄﺢ اﻟﺘﺮﺑﺔ 03ﺘﺤﺮك ﺧﻼل  ﻳ ﻣﻦ اﻟﺮﻣﻞأآﺜﺮ أو% 08 ﺒﺎﺗﻘﺮﻳ •
 .ارﺗﻔﺎع اﻟﻤﺼﻴﺪة
 ( %05ﻤﺘﻮﺳﻂ اﻟ أن أوﺿﺤﺖﺳﺔ  اﻻﺣﺼﺎﺋﻰ ﻟﻌﻴﻨﺎت اﻟﺮﻣﻞ ﻣﻨﻄﻘﺔ اﻟﺪرااﻟﻤﻴﻜﺎﻧﻴﻜﻲاﻟﺘﺤﻠﻴﻞ  •
  .ﻣﺘﻘﺎرﺑﺔ ﺟﺪا ﻟﻌﻴﻨﺎت اﻟﺮﻣﻞ ﺗﺤﺖ اﻟﺘﺤﻠﻴﻞzM()ﺣﺼﺎﺋﻰ اﻟﻌﺎم واﻟﻤﺘﻮﺳﻂ اﻻ (05M)
ﻋﻦ ﻤﺘﻮﺳﻂ اﻟﻌﺎم ﻟﺤﺠﻢ ﺣﺒﻴﺒﺎت اﻟﺮﻣﻞ ﻳﻤﻜﻦ اﻟﺘﻤﻴﺰ ﺑﻴﻦ رﻣﺎل ﺳﻬﻮل اﻟﺒﺎﺟﺎ اﻟ أﺳﺎسﻋﻠﻲ  •
  . ﻋﻦ اﻟﺮﻣﺎل اﻟﻤﺘﺤﺮآﺔ ﺑﻮاﺳﻄﺔ اﻟﺮﻳﺎحاﻟﺨﻮي ﺣﻘﻮل  ﻓﻰاﻟﺮﻣﻠﻴﺔاﻟﻜﺜﺒﺎن  رﻣﺎل 
 ﻣﻦ اﻟﺪراﺳﺔ ﻣﻌﻈﻢ اﻟﺮﻣﻞ ﺗﺤﺖ أن أوﺿﺢ ﻟﻠﻌﻴﻨﺎت )1σ(  اﻟﻤﻌﻴﺎريﺮاف ﻣﻨﺤﻨﻰ اﻻﻧﺤ •
  .ﻋﺎﻟﻴﺔ اﻟﻔﺮز   اﻟﺪرﺟﺔ 
 ﺗﻮزﻳﻊ ﻋﻴﻨﺎت اﻟﺮﻣﻞ ﺗﺤﺖ اﻻﺧﺘﺒﺎر ذو ﺗﻔﻠﻄﺢ وﺳﻄﻰ اى أن أوﺿﺢ )gK(ﻣﻨﺤﻨﻰ اﻟﺘﻔﻠﻄﺢ  •
  . ﻟﻠﺘﻜﺮارات اﻟﻄﺒﻴﻌﻲﻴﻨﺎت اﻟﺮﻣﻞ ﻣﺸﺎﺑﻬﺎ ﻟﻠﺘﻮزﻳﻊ ﻋﻣﻨﺤﻨﻰ  ان ﺗﻮزﻳﻊ 
 ﺷﻤﺎل اﻟﻨﻮﺑﻴﺔ اﻟﺼﺤﺮاء و ﻣﻦ اﻟﺼﺤﺮاء اﻟﻐﺮﺑﻴﺔ ﻟﻬﺎﺑﻪإ ﺔ اﻟﺮﻳﺎح اﻟﺸﻤﺎﻟﻴﻳﺔﻻﺳﺘﻤﺮارﻧﺘﻴﺠﺔ  •
اﻟﺨﻮي وﺣﻮض )ﻣﻜﻮﻧﺔ آﺜﺒﺎن  ﺗﺮﺳﺒﻬﺎ ﻓﻲ اﻟﻀﻔﺔ اﻟﺸﺮﻗﻴﺔ ﻟﻠﻨﻴﻞ  اﻟﺪراﺳﺔ أدى إﻟﻰ ﻣﻨﻄﻘﺔ
 ﺑﺸﻜﻠﻬﺎ ﻣﻤﺎ ﻳﻌﻤﻞ ﻋﻠﻲ زﻳﺎدة ظاﻻﺣﺘﻔﺎ ﻣﻊ ﺔ زﻳﺎدة ﻓﻲ ﺣﺠﻢ اﻟﻜﺜﺒﺎن اﻟﻘﺪﻳﻤإﻟﻲ أديو (اﻟﺴﻠﻴﻢ
 ﺗﺰﺣﻒ ﻪ اﻟﻤﺘﺤﺮآل واﻟﺮﻣﺎاﻟﻜﺜﺒﺎن إن .ﺎحاﺳﻄﺔ  اﻟﺮﻳﺑﻮ ﻟﻠﺘﺤﺮك  ﺔﻓﻲ آﻤﻴﺔ اﻟﺮﻣﺎل اﻟﻘﺎﺑﻠ
 ﺑﺪ ﻣﻦ ﻣﺮاﻗﺒﺔ ﻻ ﻪﻋﻠﻴ . اﻟﻨﻴﻞﻣﺠﺮي  ﻣﻬﺪدةواﻷراﺿﻲواﻟﻤﺒﺎﻧﻲ  وﺗﺘﻌﺪي ﻋﻠﻲ اﻟﻄﺮق
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CHAPTER ONE 
INTRODUCTION 
1.1. General  
The world dry lands are inhabited by more than two billion people, and they 
provide habitats to unique plant and animal species that need to be 
preserved for present and future generations. However, most of these dry 
lands are subjected to desertification because of climatic variation including 
prolonged droughts and adverse human activities.  
Desertification is defined as: land degradation in the arid, semi arid and dry 
sub  humid areas resulting from various factors including climate variation 
and human activities (Lean, 1995). 
In general, desertification can take two forms; the movement of sand and 
dunes (morphodynamic processes); and desertification in situ. The former 
tends to be more common in desertic areas, and along the boundaries close 
to the desert where wind erosion is dominant, and the latter occurs in areas 
of higher rainfall, where human activities such as overgrazing, over 
cultivation and collection of fire wood degraded the vegetation cover and 
exposed the soil to wind and water erosion.   
Desertification has, certainly, turned out to be regarded as one of the biggest 
environmental issues of the last two decades (Goudie, 1990) and is in the 
World Bank’s top ten major global environmental problems. 
Cooke et al.(1993) estimated that about 30% of continental land masses on 
the earth are deserts. Two thirds of that area is dominated by aeolian 
landforms, of which sand sea (ergs) is the primary feature (Livingstone and 
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Warren, 1996). Sand sea is a large accumulation of wind blown sands, 
usually dominated by sand sheets and dunes. The processes responsible for 
accumulation of sand seas can be complex and are often vaguely 
understood (Porter, 1986, Lancaster and Teller, 1988,)  
The dry land of the Sudan according to Ayoub’s (1998) assessment are 
234.4 million ha. constituting about 94% of the total area of the country 
equivalent to 248.8 million ha. Out of this area, 77.6 million ha are hyper 
arid leaving 156.6 million ha for arid, semi arid and dry sub-humid or 63% 
of the total area of the Sudan, which is prone to different degrees of 
desertification.  
In The Sudan, desertification occurs to varying degrees in areas laying 
between Lat. 10° and 18° N and traverses the country from the eastern to 
western borders. It also includes a narrow strip of land along the River Nile 
stretching northwards to Egyptian boarder between long 30° and 32° E. 
Thirteen States are affected by desertification, out of twenty six States. 
Desertification is very severe in the northern fringe of the semi-desert 
ecological zone to moderate in the southern fringe of the low rainfall 
savanna (Anonymous, 1985, Salih, 1996). Recent assessment showed that 
severe and very severe soil degradation cover a total area of 58 million ha. 
while land degradation covers 75 million ha, indicating vegetation 
degradation of 17 million ha (UNEP, ISRIC, GALSOD, 1990) Dregne et 
al., 1991, Ayoub, 1999).  
It was estimated that wind erosion, water erosion and chemical and physical 
deterioration of soil covered 27, 18.2, 15.8 and 3.0 million hectares 
respectively. Soil degradation was highly correlated with human population 
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density, the most degraded zones were the arid and semi arid zones where 
76% of human population lives, most of the population of the affected 
states are poor and rely heavily on natural resources e.g. cultivation of 
marginal sandy soils, trees and vegetation cutting for fuel and construction 
of huts, and overgrazing for subsistence. Poverty leads to subsistence 
livelihood which eventually increases land degradation and hence 
desertification which aggravates poverty. 
The government of the Sudan addressed the problem of desertification in 
response to the recommendation of UNCOD (1977) by formulating 
“Guideline of the National Plan for Combating Drought and Desertification, 
(NDDU, 1991). A National Forum of Scientific Research on Desertification 
was organized by UNESCO Chair on desertification studies, as guideline 
for research’s programmers  (Mustafa and Mahdi, 2004).  
1.2 Problems of wind blown sands  
Wind erosion is the predominant desertification process in North Sudan 
particularly the Northern State characterized by dry climate, poor vegetation 
cover, strong winds and abundant loose sand. The scale of sand movement 
within the study area has long been recognized to be prodigious as well as a 
serious threat to livelihoods. It is not a recent phenomenon in the area, for 
during the periods of the Medieval Kingdoms along the Nile, it was known 
that wind blown sands and sand dunes overwhelmed buildings and 
settlement with apparent impunity (Welsby, 2004).  
Several of highly fertile farming areas along the river are being gradually 
buried by encroaching desert sands. Mobile dunes creep forward onto 
cultivated land, and wind blown sands damages crops and machinery, fill 
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wells and canals and bury houses. Also the dunes and wind blown sands 
and its consequent creep to river channel have contributed to large extent to 
river bank erosion (Hadam). Fig.1.1 Shows hazardous impacts of wind 
blown sands and migrating dunes in the study area.  
Since the 1960’s numerous consultancy studies have reported on the 
problem and proposed recommendations for its mitigation. (Bonifica, 1986; 
Mac Donald, Hunting Technical services and Gibb, 1979; Hunting 
Technical services, 1963). Arising from these concerns, a number of 
initiatives were developed and successful community forestry projects were 
established on the right bank of the Nile in the 1980’s by SOS Sahel (IFAD 
Funded) and Cowi Consult (UNSO Funded), both of which worked in 
association with the Forestry National Corporation (FNC). These successful 
projects have now been completed (SOS Sahel, 1998; Ibrahim 1997; 
Intermediate Technology, 1996; Jensen, 1993; Cowi Consult, (1991; 1993).  
The problems of sand movement and their impact on communities have not 
diminished despite the success of these projects. Communities that had no 
project initiative continued to have serious sand encroachment problems 
and lack the know how and funds, but not the lack of the aspirations, to 
mitigate them. In areas where the above mentioned projects were initiated, 
there is danger facing these efforts imposed by the lack of necessary 
national support from the government.  
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Fig. (1.1). Hazardous impacts of wind blown sand and migrating dunes in the study 
area.  
Fig. (1.1). Hazardous impacts of moving blown sand and migrating dunes in the 
study area.  
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1.3. Objectives 
The main objective of this study is to assess and map wind erosion, in the 
Northern State specify its magnitude, and impact on socio economical 
activities and propose some measures for its mitigation.  
The specific objectives of the study are: 
1-To generate comprehensive  data through field measurements and 
observations to:  
1-1 Determine the amount of moving sand (sand drift rate) by using vertical 
and horizontal sand traps. 
1-2 Identify and quantify the factors influencing the rate and amount of 
drifting sand.  
1-3 Determine saltating and creeping sands 
1-4 Measure the height of moving sand by saltation.  
1-5 Measure dune movement.  
1-6 Study of granulometric composition of sand deposits. 
2-To produce wind erosion map through compilation and super imposition 
of field data on landsat imageries and conventional  air photos interpretation 
techniques. 
3-To establish data base for future monitoring of wind erosion in the State. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Wind erosion 
Wind erosion is a natural soil physical process that affects the livelihood of 
mankind in a variety of environments. In the arid and semiarid zones, in 
particular, it may have dramatic impact on the current and potential 
productive capacity of the lands. Its main impact is on the soil, which is a 
major natural resource that sustains the livelihood of mankind. Wind 
erosion may substantially reduce the fertility of the soil and hence its 
productivity by selective removal of the most fertile surface soil particles. 
The transported material may be deposited downwind to become part of the 
landscape where deposited or may be transported to land, seas or oceans 
where the nutrient rich dust enhances aquatic life (Morales, 1977). 
However, the wind may also transport salt from seas and oceans or from 
salt affected surface soils downwind and cause salinization, which is also a 
desertification process. The process is natural but may be substantially 
accelerated by adverse human activities. 
Wind erosion may be defined as ‘the  soil physical process by which dry, 
loose and fine surface soil particles are picked up and transported or moved 
on the ground surface by wind and the soil surface material is abraded by 
wind blown particles.’’ This process is a two-set process, namely 
detachment of primary soil particles from the soil mass and their transport 
by erosive winds. When the wind velocity or energy is below the threshold 
value to transport soil particles, deposition occurs. The conditions 
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conducive to wind erosion include; loose, dry, and dispersed soil particles, 
smooth surface, lack or sparse vegetation cover, large and extensive field 
and sufficiently strong wind. Thus wind erosion can operate in a variety of 
natural  environments but it is particularly  significant in both hot and cold 
deserts, arid and semi-arid zones, coastal dune areas and exposed mountain 
regions. However , its human consequences are most serious  in those 
agricultural areas with low, variable, erratic  and unpredictable rainfall, and 
high temperature, high wind velocity and consequent high rates of 
evapotranspiration as in the case of arid and semi-arid areas (Mustafa, 
2007)        
Sand deposits by wind fall into three main categories: sand dunes, sand 
sheet and loess blankets. Sand dune can be defined simply as a mound or 
ridge formed by wind deposition of loose sand. Dunes range in size from 
less than 1m to several km. They can occur either as isolated ridge or  
grouped together to form dune fields. Dunes are found in many different 
settings and can be classified, according to their geographical occurrence as 
in lands or continental dunes, coastal or sea-shore dunes, riverbank dunes, 
and lake-shore dunes.  
Sand sheets are accumulation of wind blown sand which have a level or 
gently undulating surfaces, without significant development of dune 
topography. Loess blankets are deposits of wind dust, consisting principally 
of silt size particles, which mantle a pre-existing land surface. Depending 
on the nature of the underlying topography, the surface of loess deposit may 
be almost flat, gently undulating or deeply dissected (Pye, 1987).  
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2.2 Development of wind erosion research  
Until the end of the ninth century, most geomorphologies considered wind 
transport of sediment to be much less important than sediment transport by 
water or glaciers. Early recognition of the effects of wind processes 
included work by Ehrenberg (1847) who described air borne dust 
transported from Africa to Europe. Blake (1855) was one of the first to 
recognize the extensive development of wind erosion forms in the deserts. 
Numerous other studies of potential relevance to the study of wind erosion 
considered sand movement in desert and coastal areas, mainly in context of 
describing and understanding dune morphology. Early work on desert dunes 
was dominated by Cornish (1897), King (1916), and Kadar (1934). 
Important contributions were made by Hedin (1903) in Central Asia, 
Gautier (1935) and Newbold (1924) in Sahara. Blandford (1877) in the 
Indian subcontinent, Thesiger (1949) in Arabia and Passarge (1904) in 
Kalahari whilst some experimental studies were designed to reveal the 
precise mechanisms of sand movement (Olsson – Seffer, 1908).  
However, most of this early work was descriptive and it was not until the 
mid – 1930’s. that major advance were made in understanding the 
mechanics of wind transport and dune formation. Much of the early 
research on the basic physics of wind blown sand was performed by R. A. 
Bagnold, (1937). His observations provided the foundation for 
understanding sand motion and the formation of sand dunes and ripples in 
England. He built a wind tunnel in order to make quantitative measurements 
of threshold wind speeds (U*t), and mass transportation rates (qs). His 
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findings are reported in his book the Physics of Blown Sand and Desert 
Dunes. 
A parallel effort on the problems of soil erosion has been carried out by the 
US Department of Agriculture at Wind Tunnel Laboratory in Manhattan, 
Kansas. Most of the understanding of the physics of soil movement by wind 
especially as related to agricultural application was derived by W. S. Chepil 
who reported his work in a large number of papers during a 25 years period 
beginning about 1940, at the US Army Corps of Engineers Laboratory in 
New Hampshire. These studies attempted to identify and quantify the 
factors influencing the location and rates of soil erosion by wind and to 
develop predictors of erosive conditions, and soil loss based on climatic 
index (Chepil and Woodruff, 1963). It led to formulation in 1960 of the 
wind erosion equation, that predicted potential soil loss from individual 
fields and facilitated the control of wind erosion (Woodruff and Siddoway, 
1965).  
This research continues to day, concentrating on the tasks of refining the 
prediction equation, improving control techniques and determining tolerable 
levels for different crops.  
2.3 Magnitude of wind erosion 
General areas susceptible to wind erosion on agricultural land include much 
of North Africa and the Near East, parts of Southern and Eastern Asia, 
Australia and southern  South Africa, and the arid and semi-arid zones of 
North America (FAO, 1960). Wind erosion is a serious environment hazard 
in arid and semi-arid zones. FAO estimated that wind erosion affected a 
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bout 22.4% of Africa’s land area north of equator and 35.5% in the near 
East. 
Brown (1984) estimated that the Sahara’s movement southward has 
accelerated all along its 5600 miles southward from Senegal in the west to 
northern Ethiopia in the east at a rate of 5 Km/year. It was reported that 
wind erosion was also serious in Mali ، Mauritania, Niger and Nigeria (Le  
Houreou,   1976;   Dregne,   1982). Wind erosion and desertification were 
also severe in the Kalahari region in southern Africa and in 
Botswana(Grove, 1969). Several studies considered that the great Sahelian 
drought was the cause and consequence of sever wind and water erosion in 
this zone. 
In the Sudan, Lamprey reported that the Sahara desert advanced at a rate of 
5 to 6 km/year during the period 1958 -1975. Ayoub (1998) estimated that 
wind erosion degraded 5.3, 20 and 1,2 million ha in the hyper-arid ,arid and 
semi –arid zones ,respectively ,i.e.42 % of the degraded land, a total of 27 
million ha out of a total degraded land of 64 million ha .He stated that wind 
erosion occurs mostly in the hyper –arid and arid zones of north Kordufan 
and Darfur where the natural vegetation was poor , the sandy soil particles 
were loose , and the process was accentuated by the strong winds 
characteristic of the region. In general, wind erosion is the predominant 
process of desertification in the hyper –arid and arid zones all over Sudan. 
The narrow fertile strips along the Nile north of Khartoum are being 
encroached by sand dunes  in both bank of the river, while very active sand 
storms "haboob" are active in most of northern Sudan , particularly in the 
Red sea cost .   
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2.4 Factors affecting wind erosion 
The rate at which  wind erosion occurs depends on wind erosivity (Wr),soil 
erodiblity (Se) and surface roughness . The third factor directly affects wind 
erosivity (Mustafa, 2007). 
2.4.1 Wind erosivity 
There are two indices of erosivity namely the pressure of the wind and the 
index proposed by Skidmore and Woodruff (1968). Both indices  depend on 
wind velocity. The relationship between the pressure of the wind ( P,N m-2 ) 
acting on the surface perpendicular to its direction and wind velocity ( V, m 
s-1 ) is expressed by the flowing equation. 
                   P = (Pa/2) V2                                                                                                                   ( 1 ) 
Where Pa=the air density (Kg/m3) and it depends on the air temperature ( T, 
Co ) and barometric pressure ( P, K Pa ) as expressed  by equation ( 1 ) g= 
acceleration due to gravity ( m/s ) 
                   Pa= { 1.293/(1 +0.00367 T)} P/101.3                                   ( 2 ) 
Substituting T=15o C and P=101.3 K Pa in equation ( 2 ), we get :Pa 1.225 
Kg/m3 and substituting this value in equation ( 1 ) to get P as function of V: 
                   P = ( 1.225/2 ) V2 =0.6125 V2                                                                           ( 3 )  
The classification of wind accordingly to its velocities  and equivalent 
pressure are reported  in Table ( 2.1 ) 
Accordingly to some authors  even under gentle breeze ( BF No. 3 )soil 
particles are carried away, with fresh  breezing ( BF No. 5 ) sand is lifted  
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Table 2.1  The classification of winds according to Beaufort scale of wind 
velocity and equivalent pressure at 40  m height. 
Velocity Beaufort 
Number (BF 
No.) 
Wind Class 
Range (m/s) Mean (m/s) Pressure (N m-2) 
0 Calm 0.0 – 0.2 0.1 0.01 
1 Light air 0.3 – 1.5 0.9 0.05 
2 Light breeze 1.6 – 3.3 2.4 3.53 
3 Gentle breeze 3.4 – 5.4 4.4 11.86 
4 Moderate 5.5 – 7.9 6.7 27.5 
5 Fresh breeze 8.0 – 10.7 9.3 52.98 
6 Strong breeze  10.8 – 13.8 12.3 92.67 
7 Moderate gale 13.9 – 17.1 15.5 147.15 
8 Fresh gale 17.2 – 20.7 18.9 218.79 
9 Strong gale 20.8 – 24.4 22.6 312.84 
10 Whole gale 24.5 – 28.4 26.4 426.89 
11 Storm 28.5 – 32.5 30.5 569.78 
12 Hurricane ≥32.7 34.8 741.76 
Source: Morgan, 1995. 
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into the air . In strong breeze (BF No.6) heavy erosion sets in . Dust storms 
arise  in fresh gale ( BF No.8 ) 
Skidmore and Woodruff (1968 ) analyzed the wind records of 212 locations  
in USA. Only mean hourly wind speeds greater than 5.4 m/s ( BF No.4) 
were considered erosive  and used in the study. 
The following  erosivity  ( Wr ) index was developed.   
( 4 ) 
Where V ij means wind velocity above a given threshold velocity ( ›5.4 m/s 
) within the ith velocity groups for the jth direction, fij =duration of the 
wind  within the ith velocity group  for the jth direction expressed as  
fraction of the total duration. 
       = the summation of the Wr index for directions  from  j =0 at the  east 
direction and working  anticlockwise ,so that  j = 1 at ENE and  j = 15  at  
ESE,     = the summation of the Wr  index for velocity groups from the first 
groups =1 to n group. 
The total magnitudes for each month is given by the sum of the magnitude 
for each direction  and this gives  a measure of the relative capacity of the 
wind  to cause soil blowing. 
2.5 Studies of wind erosion in Sudan 
Mukhtar (1995) studied wind erosion in south Khartoum using aerial photo 
interpretation. She recognized three classes of wind erosion: Slightly, 
moderate and severe wind erosion covering areas of about  31.7 Km2, 0.1 
Km2, and 1.64 Km2, respectively. 
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Rizgalla, et al. (1999) studied wind erosion in North Kordufan State. They 
measured the intensity of wind erosion (IWE) using vertical sand traps, and 
horizontal sand traps, and predicted potential wind erosion (PWE) using 
empirical functional relationship (Woodruff and Siddways, 1965). They 
found that potential wind erosion in the agricultural research field 
(WSARP) site PWE values for the bare field was approximately 54 times 
that of the fallow field. The intensities of wind erosion (IWE) data on a bare 
field in (WSARP) for both spatial and temporal variations are highly 
significant (P=0.0001). In general, the fallow field gave IWE values at 30, 
60, and 90 m were 50, 18, and 4.9 percent. The grand mean IWE values 
increased significantly with distance, reaching its highest value at 90 m.    
Medani (2001) studied wind erodibility of soils from Khartoum and North 
Darfur States. He recommended the use of the ratio of silt plus sand over 
clay plus calcium carbonates as indicator of wind erodibility. He found 
wind erodibility  groups which correlated very well with previous 
international groups. 
Ibrahim et al. (2003) evaluated, through aerial photo interpretation the 
extent and severity of sand erosion in a 760 Km2 area  south of Khartoum , 
between the Blue Nile and White Nile, Sudan. Two set of aerial 
photographs, dating back to the years 1960 and 1990 were assembled to 
compile two mosaics of the area. The results of the field checks indicated  a 
very high (90%) purity of mapping units and that 26.4% of the total area 
was affected by slightly, moderate, or severe wind erosion. The laboratory 
analysis indicated that the sand was transported  mainly in suspension. 
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During this period either  non – eroded  area  became eroded (26%the total 
area ) or the severity of wind erosion increased by  0.24% of the total area.  
Farah (2003) studied wind erosion in Khartoum State, and found the 
potential wind erosion of cultivated fields in the following order: North 
Khartoum› South Khartoum › East Khartoum. The study showed inverse 
relationship between the height and intensity of wind erosion. The latter 
decreased in order of 0  cm ›5 cm ›20 cm › 50  cm heights. Intensity of wind 
erosion increases in order of  May › April ›March › February › January › 
December › November. Intensity of wind erosion was in order of bare field 
› shelter field › cultivated field. Rehan (2004) studied wind erodibility of 
soils from the Gezira State. The study revealed that wind erodibility groups 
correlated very well with those established in North Dakota, USA and  
Alberta Canada. Abd El Wahab (2005) Studied wind erodibility (WE) of 
soils from the Northern State, Sudan. Regression analysis showed that  Non 
erodible soil particles (NEP) › (0.84mm in diameter), significantly increased 
with increases of clay content , CaCO3, Silt and Clay/(Silt+Sand),and 
decrease with increase in sand, (Silt +Sand)/Clay, (Silt +Sand)/Clay +O.M) 
and (Silt +Sand)/(Clay +CaCO3). The (Silt +Sand)/(Clay + CaCO3) gave  
the highest correlation coefficient and thus it is preferred for predicting 
NEP. 
2.6 The nature of wind flow in deserts 
As air moves over the surface of the earth it is retarded by friction at its 
base and velocity profile develops. The zone of flow where air is affected by 
surface friction is called boundary layer and within this layer there is a 
gradation  from zero velocity in a very thin layer at the surface to free 
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stream velocity at a height beyond the effect of the surface friction. The 
structure of velocity profile within the boundary layer is highly dependent 
on the type of flow: laminar flow or turbulent. In laminar flow, there is a 
little mixing between the different layers of the fluid and faster layers slip 
over slower layers, while at the surface itself the air is stationary. With this 
type of flow, momentum transfer between layers of the fluid is 
accomplished by means of molecular transfer. Slower moving molecules of 
the air  drift  into faster moving layers, thus causing  a drag on the faster 
airflow. Such a transfer of momentum produces shearing forces between 
layers of the air. Turbulent flow also comprise zero flow velocity at the 
surface , but the exchange of momentum in the boundary is achieved 
through the action of gusts and turbulent eddies mixing between layers. 
Such momentum exchange is far more efficient than the molecular 
exchange seen in laminar flow and this is represented  by curvilinear 
velocity profiles. The greater mixing in turbulent flow results in  steeper 
velocity gradient  at the surface  and hence higher shearing stresses. Fig.2.1. 
Laminar and turbulent flows can be distinguished from each other 
mathematically by Reynolds number (Re)    
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Fig. 2.1 Surface wind velocity with relation to flow and surface condition. 
(Bagnold, 1941) 
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Re =  
Where: 
U = fluid velocity  
L = characteristic length. 
V = kinematic velocity of the fluids, for air at 20°C V is equal to 
0.146 cm2/S 
The Reynold number (Re) represents the ratio of the inertial forces and 
viscous forces within the fluid. In turbulent flow the inertial forces 
predominate, whereas in laminar flow the viscous forces are more 
important. Therefore Reynold number (Re) can be used as a quantitative 
criterion to describe the nature of flow. Such that Re < 500 – 2000 = 
laminar flow and Re ≥ 2000 = turbulent flow. 
Notable that in the atmosphere, air flow is nearly always turbulent because 
air has low viscosity and boundary layer (BL) depth that are normally quite 
high.            
2.7  Shear velocity 
Shear velocity (U*) is defined as the value of U* which normally is used in 
calculating for determining sediment transport (Oke, 1978). Shear is best 
expressed in term of (shear velocity, or drag velocity or friction velocity 
U*). If aerodynamic roughness length (Zo) is known then U*can be 
determined from a velocity measurement at one known height (Uz) 
following the arguments of Bagnold (1941).  
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Where  
Uz = wind velocity at height z 
Zo = aerodynamic roughness height  
K = Von Karman constant  0.4    
This equation both holds for smooth-turbulent and rough turbulent air flow. 
The value of the Von Karman constant K is equal to 0.4, but if the wind 
profile is calculated as logarithmatic during sediment transport, k may sink 
to 0.35 or even less. The roughness length Zo is a measure for the degree of 
aerodynamic roughness of the substratum over which the air flows. For 
rough-turbulent flow over a homogeneous substratum composed of uniform 
grains of diameter h, Zo is equal to h/30. For smooth turbulent flow over the 
same substratum, Zo varies from h/45 to h/9. 
In the natural environment, the earth’s surface contains a wide variety of 
surface roughness elements of different sizes and shapes, so that it is rather 
simplistic to calculate Zo  from the relation given above. In general, Zo  is of 
order of centimeters for rather smooth terrain ( calm sea, flat and open lands 
without important roughness elements), of the order of decimeter  for 
moderately rough terrain(semi-open landscape with trees, houses, etc.) and 
order of meters for rough terrain (towns, mountainous areas). Table 2.2 
shows typical values for aerodynamic roughness height (Zo) of desert 
surfaces.  
UZ
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Table.2.2 Typical values for aerodynamic roughness (Zo)  
for desert surfaces. 
Surface type Aerodynamic roughness (m) 
Playas 0.00008 – 0.00013 
Alluvial fans 0.00076 – 0.00310 
Lava flow 0.00132 – 0.07351  
Source: Blumberg and Greeley (1993).  
2.8 The transport of sand by wind 
Transport of sand by wind involves the interaction between the wind, the 
surface, and the velocity profile developed.  The zone of flow where air is 
affected by surface friction is called boundary layer, and within this layer 
there is gradation from zero velocity in a very thin layer at the surface to 
free stream velocity at a height  beyond the surface.  
2.8.1 The threshold of motion 
Some grains will be moved by wind when fluid forces (lift, surface drag, 
form drag and moment) exceed the weight of particles. Lift force is the 
result of the air flowing directly over the particle forming a region of low 
pressure (in contrast to relatively high pressure beneath the particle) hence 
there is tendency for the particle to be sucked into the air flow, surface drag 
is the shear stress on the particle provided by velocity profile, forming drag 
is also related to the pressure differences around the particle when these 
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forces overcome the forces particle cohesion packing and weight, the 
particle tends to slack in place and then lift off spinning into the air stream.  
As drag and lift on the particle increases, there is critical value of wind 
shear velocity when grain movement is initiated. This critical velocity is 
known as the fluid threshold shear velocity U*t (Bagnold 1941, ).  
 
Where:  
U*t = fluid threshold shear velocity or critical friction velocity = cm/s 
  Pp =  mass density of the grains = 2.5g/cm3  
  Pa =  mass density of the air = 1.22 × 10-3 g/cm3  
   g =   acceleration due to gravity = 981 cm/s2.  
   d =   grain diameter = mm. 
  A = an empirical coefficient, dependent on grain characteristic 
approximately   = 0.1 for sand size particles.  
2.8.2 Modes of sand movement by wind 
There are three distinct modes of wind transport (Fig. 2.2) which are 
separated by transition modes. Sand transport by wind must be considered 
as continuum, no sharp boundaries exist between the three major modes of 
sand transport by wind.  
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2.8.2.1  Surface creep 
Surface creep describes the rolling or sliding of large particles with energy 
derived from saltating particle. The impact of saltating particles usually 
initiates the movement of these large particles. Individual particles are 
knocked onward by blow they receive from behind. Bagnold (1937) 
observed that at low wind speeds, the particles move in jerks, a few 
millimeters at a time: but as wind is increased, the distance moved increases 
and more particles are set in motion, until in the high winds, the whole 
surface appear to  creep forward (Mustafa, 2007).  
The proportion of total load traveling in these kinds of ways must vary with 
grain size mix, although it may be independent of U* (Horikawa and Shen, 
1960). The creep: saltation ratio has been found to be 1: 3 (Bagnold 1941) 
Willelts and Rice (1985b) between 1:1 and 1:3 (Chepil, 1945a) or 1: 7 or 1 : 
8 (Borowka, 1980).  
 
 
 
 
 
 
 
 
Fig. 2.2 The three modes of sand movement by wind (Mustafa,20007) 
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2.8.2.2 Saltation  
The term saltation was first used by Gilbert in 1914 to describe sand 
movement in water and was latter used by Bagnold to describe sand 
movement in air. It is the bouncing of particles off the soil surface bed into 
the air stream and moving forward before returning to the surface with an 
angle  of descend of about 6o – 12o from the horizontal (Chepil and 
Woodruff, 1963; Vanoni 1975). The particles rise almost vertically, rotating 
from 20 -1000 revolutions per second and they travel 10 times their height 
of rise before  returning to the surface. On sticking the surface, they either 
rebound  and continue their movement in saltation or impart most of their 
energy  by striking other grains, causing these grains to rise upward or roll 
along the surface. Almost 50 -75% of the movement of soil particles  is 
through saltation (Chepil, 1945a). Most saltating particles range from 0.1- 
0.5 mm in diameter.    
The understanding of saltation processes is fundamental to know wind 
erosion processes. It has a direct bearing on sediment transport rates, 
sediment sorting, the pattern of wind abrasion and the formation of 
ventifacts, the character of yardang, dust entrainment, and processes on the 
windward slopes, crests, brinks and lee slope of dune.  
2.8.2.3 Suspension 
Particles smaller than about 0.1 mm may enter suspension and be carried to 
great height by eddies of the erosive winds. The impact of saltating particle 
usually initiates the movement of these fine particles. Although most soil is 
moved by saltation and surface creep, that moved by suspension is the most 
spectacular and easily recognized from a distance (Skidmore.1979).  
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2.9 Prediction and modeling of bulk sand  transport  
The transport capacity of wind is defined as maximum amount of sediment 
that can be transported in unit time by air stream of unit width. This is 
usually expressed in g/cm/s. 
2.9.1 Sand transport equations  
The great majority of these sand equations incorporate a cubic relationship 
between sediment transport (qs) and the prevailing friction velocity (U*). 
One of the oldest, but still very frequently used sand transport equations is 
one derived by Bagnold (1941).  
 
        1. qs  = c(d/D).5(p/g)U*3                                         → Bagnold (1941) 
 
Where:  
qs = rate of sand transport (in saltation)(g/m/s).  
U* = friction velocity or shear velocity or drag velocity. 
d = mean grain diameter of sand (mm).  
D = standard grain diameter (0.25mm).  
p = mass density of the air (1.2 × 10-4 g/cm3). 
g = gravitational acceleration (981cm/s2).  
c = a dimensional empirical coefficient. 
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This formula includes sand transport by saltation only. To calculate total 
sand transport rate of sand creep (qt) is about third of that of the saltation 
(qs) so that sand transport (qt) =  
qt = 4/3 . qs 
The coefficient c depends, among other things, on the degree of sorting of 
sediment and varies between 0.8 and 3.5.  The following numerical values 
may be used in practical calculation of qs.  
c = 1.5 for very well sorted sand.  
= 1.8 well sorted sand (for example typical dune sand).  
= 2.8 badly sorted sand. 
= 3.5 for surface of non-erodible element (pebbles bare rocky surfaces) 
Notice that the transport capacity of wind is highest over non-erodible 
surfaces and diminishes as sorting of sediment becomes better.  
Erg surfaces (sand dune) in desert will therefore act as great sand attractors, 
where accumulation occurs. Whereas reg surfaces will mainly act as 
transport area,  
2. qs = c2(d/D)3/4(p/g)U*3                                           Zingg (1953) 
Where c2 =0.83 
Owen (1964) found that Zingg formula was more accurate over a wider 
range of particle size, than Bagnold (1941) formula, but  still omits the term  
threshold of entrainment (U*t). Such a term which was incorporated into a 
later analysis of Bagnold (1956), was subsequently refined by Lettau and 
Lettau (1978) into a very popular used expression.  
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         3. qs = c3(d/D).5(p/g)(U*-U*t)U*2                           Lettau and Lettau(1978) 
Where c3 = constant = 4.2 
        4.  qs =k(p/g)(U*-U*t)(U*+U*t)2                    Kawamura (1964) 
Where k =2.78 
       5.  qs = 1.16 *10-4Ū3                                           Hsu (1974) 
Where  qs = rate of sand transport (g/cm/s) 
Ū =hourly averaged wind velocity (m/s)  at height 2-10m above ground. 
Calculation of U* 
Based on field data from several areas Hsu (1974) derived relationship 
between U* and wind velocity at height of 2m (U2) under conditions of 
active sand transport and he found  the following relationship. 
                     U*(cm/s) =4.4 U2 (m/s)  
It should be stressed that qs is also strongly a function of surface roughness, 
soil moisture content and presence of vegetation, which means that qs – 
values calculated by means of the formulae, usually give an estimation of 
the highest  sand movement possible in particular area. 
2.10 Measurement of wind erosion  
Measurement of wind erosion is essential for identifying the extent and 
severity of wind erosion and for monitoring of processes and undertaking 
research. Several methods are used for assessment of wind erosion .These 
include direct laboratory and field measurements, mathematical models, 
parametric methods, interpretation of aerial photographs, and remote 
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sensing. Direct measurements are most reliable and they can be used for 
checking and validating data obtained by remote sensing technique or 
empirical  parametric methods. Field measurements give more applicable 
data, but they are limited by temporal and spatial variation and various 
interacting factors prevalent in the field, (Mustafa, 2007).    
2.10.1 Measurement of sand movement using sand traps  
Reliable and direct measurement of sand transport are necessary to assess 
the intensity of wind erosion processes in given environment. The rate of 
sand transport can be measured either in wind tunnel or in the field using 
sand traps.  
The results obtained from any sand trap can only be regarded as 
approximate, since interference with the airflow is unavoidable, the airflow 
immediately in front of vertical sand trap (VST) is impeded, leading to the 
development of stagnation pressure which diverts the flow around the trap, 
some  grains follow this detected flow and do not enter the trap. The trap 
may also generate vortices, leading to localized areas of enhanced bed 
erosion or deposition around the trap. To minimize these problems, a trap 
should be as narrow as possible and have a streamlined shape (Jones and 
Willetts, 1979; Illenberger and Rust, 1986).  
Horizontal sand traps (HST) do not distribute the flow to the same degree as 
vertical sand traps, but at high wind velocities, they need to be very long to 
trap grains with flattered saltation trajectories (Horikawa and Shen, 1960). 
Sand traps can be divided into two broad groups (Nickling, and Mekenna 
Neuman, 1997). Those with horizontal sampling orifices (measuring 
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vertical sand fluxes), and those with vertical sampling orifices (measuring 
horizontal sand fluxes).  
2.10.1.1 Horizontal sand traps (HST)  
These are all passive devices  measuring vertical sand flux. They have been    
described by Owens (1927) Horikawa and Shen (1960), De ploey (1980), El 
Tyeb (1991), and Greeley et al. (1996).  
2.10.1.2 Vertical sand traps (VST)  
Samplers measuring horizontal sand flux, are more common and many 
types have been described. The classic Bagnold trap (described by Bagnold 
1938, 1941) and later modified by Chepil (1945a, 1957),  Kawamura, 
(1951) Horikawa and Shen, (1960) Leatherman, (1978), Wilson and Cooke 
(1980), Jensen et al. (1984), Fryberger et al. (1984), Illenberger and Rust 
(1986), and Pollet (1995).   
2.10.2 Description of sand trap  
2.10.2.1. Owens (1927) sand trap  
Figure (2.3) shows a simple horizontal sand trap designed by Owens 
(1927). It consisted of a  box  67 cm long and 34 cm high and half buried in 
the sand. The box has vents on the upwind and downwind sides to allow 
entry and exit of air, and internal baffles to cause sand deposition.    
2.10.2.2. Horikawa and Shen sand trap  
Horikawa and Shen (1960) and Belly (1964) employed a rectangular box 
2.4 m long and with 18 internal compartments, as horizontal trap, which 
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was oriented with its long axis parallel to the wind direction (Fig. 2.4). This 
type of trap has a high collection efficiency when wind direction is constant.   
 
 
 
 
 
 
 
 
 
Fig.2.3 Low box-type sand trap.( after Owens 1927)  
 
 
 
 
 
 
 
 
 
Fig. 2.4 Side view of horizontal sand trap used by Horikawa and Shen (1960) 
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2.10.2.3. Modified Bagnold, VST 
Bagnold (1938) designed a vertical collector, which was 76 cm high and  
1.3 cm wide to minimize interference with airflow. Sand entering the trap 
was collected in a bin buried in sand below the collector. Horikawa and 
Shen (1960) improved this basic design by providing an exit port for 
airflow, thereby reducing the stagnation pressure in the front of the collector 
(Fig. 2.5A&B), the collection efficiency  of modified Bagnold collector is 
relatively low, generally ranging from 20 to 40% (Knott and Warren, 1981).  
The Bagnold – type trap can be equipped with a fin to enable it to rotate 
about an axial pole so that it always faces into the wind. A trap of this type 
can be used with conjunction with several underground containers to 
separate sand blown from different directions (Fryberger et a. 1984) Fig. 
2.6 (A). 
 
 
 
 
 
 
 
 
 
Fig.2.5 A,B  Improved Bagnold vertical sand as used by Horikawa and Shen (1960). 
A, side view; B, plan view showing airflow exits 
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Fig.2.6 (A) Schematic diagram illustrating Sand trap principles of operation and design,  
( Fryberger et al 1984)                                                       
 2.10.2.4. Modified Leatherman, VST   
A very simple and inexpensive vertical trap was developed by Leatherman 
(1978) and modified and enlarged by Rosen (1979). It consists of 10 cm 
diameter, 100 cm long PVC tube which is buried half in the sand. The 
exposed 50 cm length has two slits which extend 46 cm down from the top. 
Air enters the front slit (6.5 cm wide) and leaves through the back slit (10 
cm wide), which is covered by 60µm mesh to trap the sand grains. Sand is 
collected in removable tube liner which has a fine mesh base to allow free 
drainage of water. Several such traps can be positioned to face in different 
directions. Stagnation pressure is reduced through screened exit port 
(version of Leatherman trap is shown in Fig. 2.7).   
2.10.2.5. Jensen  sampler  
Jensen et al. (1984) designed a trap to collect sand at different heights 
which consists of a stack of seven chambers, each with rectangular aperture 
25 mm wide and 14 mm high. The chamber is 160 mm long. (Fig. 2.8).   
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Fig. 2.7 Modified Leatherman trap;  A, vertical PVC tube, B, inner liner for 
collecting sand (as used by Goldsmith et al, 1988). 
 
 
 
 
 
 
 
 
 
Fig 2.8 Seven chamber saltation trap used to sample sand simultaneously  at 
different heights (Jensen et al, 1984).  
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2.10.2.6. Surface creep traps  
Bagnold (1937a) measured surface creep in wind tunnel by means of a 
narrow transverse slot in the bed. This simple technique was developed for 
field application by Rassmussen et al. (1985). Their creep collector had an 
orifice 8 mm wide 30 mm long installed flush with the surface and 
connected by 25 mm diameter tube to plastic container placed in the bottom 
of buried aluminum cylinder.   
2.10.2.7. The modified Wilson and Cooke  sand trap   
The Wilson and Cooke (1980), sand trap consisted of a plastic bottle, acting 
as a settling chamber attached to it inlet and outlet tubes (Fig. 2.9). The 
bottle is installed vertically with the inlet oriented to the wind direction. The 
sand entering the bottle will be deposited due to the pressure drop created 
by the difference in diameter between the bottle and the inlet and outlet 
tubes. The clean air then discharges from the bottle via the outlet. 
The dimensions of sampler are indicated in Fig. 2.9. The inlet and outlet 
tube were made of glass 1.25 mm thick, with an inner diameter of 7.5 mm 
and an outer diameter of 10.0 mm.    
2.10.2.8. POLCA sampler 
The POLCA sampler was developed by Pollet (1995). The sampler 
consisted of a wedge–shaped metal sedimentation chamber 100 mm long 
and 100 mm (front side) or 210 mm (back side) wide, with a rectangular 
inlet in the front. The inlet is 50 mm wide and 100 mm high, the angle of 
divergence is 28.8° at both sides of the collector. Air discharges from the 
chamber through 10 mm–high and 120 mm–wide outlets at the rear. The 
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outlet is covered by screen of woven wire cloth with 60 µm perforation 
between the wires, sand–entering the collector settles in the chamber 
because drop in velocity caused by diffuser design and the screen. It is 
possible to install several identical chamber elements joined to each other 
by piercing two metal rods through a hole at each side of each chamber. A 
picture and technical scheme are shown in Fig. (2.10).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2.9 Photograph (a) and construction scheme (b) of the modified Wilson 
and Cooke  (MWAC) sand trap, (all units in mm ).  
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Fig.2.10. Photograph (a) and construction scheme (b) of the POLCA 
sampler, (all units in mm ). 
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2.11 Sand dune 
Dunes are created by interaction between granular materials (sand) and 
shearing flow (the atmospheric boundary layer). Their morphology reflects 
(1) The characteristics of the sediment (primarily its grain size) (2) The 
surface wind (to the local surface shear stress, which determines the sand 
transport rates (q) as well the directional variability of annuals wind regime. 
In some areas vegetation may be a significant factor and interactions with 
topographic obstacles may also result in dune formation. As dune grows 
upward into the atmospheric boundary layer, the primary airflow is 
modified by interactions between the form and flow which result in 
modification of boundary layer flow (e.g. flow acceleration, expansion and 
separation, stream lines convergence and divergence) and creation of 
secondary flow circulations (especially in the lee of the dune). These 
interactions play a major role in determining dune.         
2.11.1  Definition of sand dunes 
Dunes are defined as mobile heaps of sand piled up by wind whose 
existence is independent of any surface features. They appear to retain both 
their shape and identity indefinitely. Their shapes are adjusted to ambient 
wind by the piecemeal deposition of sand size particles (Cooke et al, 1993). 
The maximum linear dimensions of individual dunes range from less than 
1m to several tens of kilometers, while the height ranges from a few tens of 
centimeters to more than 400m (Pye and Tsoar, 1990).  
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2.11.2  Classification of sand dunes  
A considerable number of names have been used to describe dunes, and use 
of different names for basically similar features in different parts of the 
world has resulted in some confusion (Pye and Tsoar.(1990)  
Pye and Tsoar (1990) in their classification system stated that simple dunes 
are divided into three basic groups. Fig.2.11.  
(a) Those whose development is related to topographic obstacles.  
(b) Those which can be regarded as self accumulated  
(c) Those whose development is strongly influenced by vegetation. 
The first category divided into windward accumulation which include 
climbing dunes and echo dunes. Also there are the lee ward accumulation 
that include lee dunes falling dunes the clift-top dunes.  
Self accumulated simple dunes include barchans, transverse (Barchanoid) 
ridges, unvegetated linear dunes (seif dunes) dome dunes and star dunes. 
Dunes formed by accumulation of sand relation to the presence of 
vegetation include parabolic dunes, vegetated linear dunes and coppice or 
hummock dunes. Figures,(2.12; 2.13; and 2.14). 
Hack (1941) defined three primary types of dunes 1) longitudinal dunes 
oriented parallel to the prevailing wind direction 2) Transverse dunes 
oriented perpendicular to the prevailing wind direction. 3) Parabolic dunes, 
which are U shaped dunes pointing downwind. He related these basic dune 
types to the wind strength, sand supply, and amount of vegetation.  
The relationship between wind regime, slipface orientation and direction of 
dune movement (or extension) is complex and descriptive terms such as 
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“longitudinal” and “transverse” are frequently used inappropriately. In 
practice, it is often difficult to classify dunes accurately in this way because 
long–term wind data are not available from the dunes areas and local sand 
transport direction usually deviates significantly from those predicted using 
data from the nearest weather station owing to the effect of topography and 
secondary circulation in the atmospheres. 
Recently, Cooke et al. (1993) stated that dunes have immense variety. The 
diversity is attributed to infinite variation in the intensity and combination 
of dune forming processes such as diurnal and annual wind patterns 
atmospheric stability and stratification, wind strength, sediment sizes, 
sediment supply, plant cover and plant shape, hard rock topography, rainfall 
and recent geological history. There may be other controls, such as 
secondary flow patterns of which little is yet known.       
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Fig.2.11. Classification of major dune types
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Fig.2.12. Diagrams illustrating the principal dune types and the wind 
responsible for formation. (from Mckee, 1979.) 
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Fig.2.13. Diagrams illustrating common forms for transverse dune and 
conventions for measuring width (W) length (L) and wavelength (λ) (from 
Breed, 1977,). 
 
 
 
 
 
 
 
 
 
Fig.2. 14. Barchan dune in desert:  
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2.12  Sand storm electrification   
Dust and sand storms can generate considerable electrical potential close to 
the ground (Stow, 1969, Kamra, 1972, 1977). Gill (1948) interpreted 
experimental result to show that moving sand become positively charged of 
by friction, while dust was negatively charged. 
Ball (1927) Walter (1951) believed that electric effects were responsible for 
controlling the arrangement of sand into dunes, Few other subscribe to these 
views. 
If great amounts of particles are transported through the air, numerous 
collisions of particles will occur, as a result of the friction that is produced 
by the collision particles will become electrostatically charged. Also the 
sedimentation surface on which many grain impacts occur may  become 
electrostatically charged. Particles that are transported at low altitudes may 
then settle down due to the electrostatic force of attraction.    
2.13  Textural studies of wind blown sand       
The purpose of granulometric analysis (grain size parameter of wind blown 
sand deposits) is essential for understanding the characteristic of wind 
sediment and behaviors of grains movement in any fluids (Wilson, 1973).  
Quantitative comparison  between natural grain size distributions and the 
log-normal distribution can be made using  a number of statistical 
parameter computed from the cumulative percentage frequency curve. The 
parameters proposed by Folk and Ward (1957) has been widely used. 
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Textural parameters i.e. median diameter (M50) mean grain size (Mz), 
graphic standard deviation (σ1), inclusive graphic skewness (ski) and 
transgraphic kurtosis (kG),  will be used in this study: 
1-  median diameter (M50) = 50 percentile (mm). 
2- the graphic mean (Mz) is give by: 
 
Where  are phi size values corresponding to sixteenth, 
fiftieth and eighty-fourth percentiles, respectively,  read from the 
cumulative frequency curve.(Fig.3.10).  
3- Inclusive graphic standard deviation (σ1). 
A measure of the spread about the mean, or sorting is given by inclusive 
graphic standard deviation (σ1), defined as: 
 
Better sorted sediments have lower values of σ1 (Table 2.3) 
4- Inclusive graphic skewness (ski) 
The asymmetry of skewness of the distribution is indicated by the inclusive 
graphic skewness, (ski)  
 
Positive values of (ski) indicated that the distribution has a more 
pronounced tail of fine material compared with a long – normal distribution, 
conversely negative values of (ski) indicated a tail of courser particles or a 
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deficiently of fine particles compared with the log-normal distribution 
(Fig.2.15A).  
5-inclusive graphic kurtosis (KG) 
The kurtosis (peakedness) of distribution is indicated by the inclusive 
graphic Kurtosis (KG): 
 
Frequency distributions which are flatter than a normal probability curve 
are referred to as platykurtic. and strongly peaked curves are described as 
leptokurtic. Curves which approximate a Gaussian profile are referred to as 
mesokurtic  (Table 2.3  and Fig. 2.15B). 
 
Table. 2..3 Terminology to graphic statistical parameter values (modified 
after Folk & Ward, 1957) 
Inclusive graphic standard deviation or 
phi sorting (σ)  
Inclusive graphic skewness or phi sorting 
(SKi)  
Inclusive graphic kurtosis or 
phi sorting (KG)  
Very well sorted  < 0.35 Very positively skewed +0.3 to +1.0 Very platykurtic  < 0.67 
well sorted 0.35–0.50 Positively skewed +0.1 to +0.3 Platykurtic  0.67–0.90 
Moderately well sorted 0.50–0.70 Symmetrical  +0.1 to –1.0 Mesokurtic  0.90–1.11 
Moderately sorted 0.70 – 1.00 Negatively skewed –0.1 to –0.3 Leptokurtic 1.11–1.50 
Poorly sorted 1.00 – 2.00  Very negatively skewed –0.3 to –1.0 Very leptokurtic 1.50–3.00 
Very poorly sorted 2.00 – 4.00      
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Fig.2.15.A&B Diagrams illustrating the nature of (A) skewness 
(asymmetry) and (B) kurtosis (peakedness) in grain size distributions 
2.14  Remote sensing  
With the launching on July 27, 1972 of the un-manned Earth Resources 
Technology satellite (ERTS-1), later renamed Landsat-1 a new and 
important approach to investigations of aeolian activities became available. 
A project designated as (The morphology provenance and movement desert 
sand seas was developed with acquisition of ERTS imagery that covered 15 
major desert regions around the globe. The unmanned landsat aimed at 
viewing  the earth surface in a systematical and repetitive way  to obtain a 
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clear and complete synopsis of different aeolian structures, and to identify  
aeolian patterns and to quantify changes in dune patterns in space and time; 
all can be made using remote sensing data (Multispectral, Multitemporal 
and large scale  photographs.)  
Therefore, remote sensing techniques when integrated with geographic 
information system (GIS) and implemented with modern field data 
collection methods based on satellite aided global position system (GPS) 
provide important tools to support assessment and monitoring approach.  
2.15 The control of blowing sands and mobile desert dunes 
The entrainment of clay, silt and sand sized particles by wind results in 
erosion of the land surface and accumulation of sediment elsewhere. 
Moreover, particle movement  can reduce visibility,  cause abrasion of 
natural and man made structures, and may bring about  the wholesale 
movement of dunes. 
The study area suffers from serious wind erosion problems, because the   
conditions are favorable and predominant. High wind speed, constant wind 
directions during long periods, dry soil surface, presence of long fetches, 
the presence of large  areas of loose sand, roughness of lowing surface, and 
lack of vegetation cover prevail in the area. Especially the last parameter is 
of critical importance.  
The severity of the sand  problem has promoted the adoption of a variety of 
techniques. These techniques are: 
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2.15.1 Techniques reducing the wind speed over large area 
The main functions of these techniques are to reduce the area extent of the 
fetch, and the obstacle of the wind  field near the surface or to protect the 
target object. 
 
2.15.1.1 Wind breaks  
Wind breaks may be used to prevent the soil from wind erosion or to protect 
 it from air borne sediments (drifting sands). From a constructional point of 
view , they can be divided into artificial  and biological windbreaks. 
Examples of artificial windbreaks, are walls of bricks or earth, wooden 
screens (made of laths or tree branches) mats of grasses, rush-mat and 
twigs, plastic screens, plastic nets ,etc. Artificial windbreaks are mostly 
constructed to protect a small and well defined locations (a field, a house, a 
road, a railways,….).The biological windbreaks, are composed of  natural  
and living  vegetation. Examples of biological wind breaks are trees or rows 
of trees, shrubs hedges. Biological windbreaks on the contrary are set up to 
protect large areas,(long fetches). 
Artificial windbreaks can be used to prevent deflation or deposition of air 
borne sediment. In the first case they are oriented perpendicular to the most 
erosive winds (northerly wind in the study area,) but in the later case, they 
may be constructed either obliquely or perpendicular to sediment transport 
vector. If they are constructed obliquely immediately up wind of the object 
to be protected, the sediment will be oriented around the object and not 
burial it. If on the contrary, a succession of wind break is constructed  
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perpendicular  to the wind , the break may cause the sediment to settle in 
the area between them, so that the air flow is or less sediment free when it 
arrives at the target 
An important parameter in windbreak efficiency is the porosity of the 
windbreak. Optimum  protection is obtained  if the porosity  is close to  
50 %, because 50% porosity offers the best results (Moysey et al, 1966), for 
a such  like break  the protected zone extends to about 10-20 times as much 
as  the windbreak height down wind. 
The disadvantage  of biological windbreaks ,especially in the arid  and semi 
arid regions, is that they withdraw  a considerable amount of water from the 
soil.  
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CHAPTER THREE 
MATERIALS AND METHODS 
3. 1 The study area 
3.1.1  Location 
The study was undertaken at Dongola – Karima area in the  Northern State  
which lies between latitudes 17° 45′ – 19°  15′ N and longitudes 30° 15′ – 
32°  00′ E. The River Nile bisects the State to two parts along the eastern 
and western bank of the River Nile. The area of the State is approximately 
348697 km2. The agricultural land that could be irrigated is about 1.337.451 
feddans  (41.667 ha). Fig. 3.1. shows the location map of the study area.  
3.1.2  Location of experimental sites 
The study was undertaken in three locations in Northern State, namely, EL 
Baja, El Golied and EL Khowie.   In El Baja the study was conducted on 
Wadi Howar sand plain. In the other tow locations, the sites were West of 
El Golied town and south of Seliem basin.  
3.1.3  Climate  
The climate of the study area is generally desert (hyper-arid), typical 
continental, with mainly two seasons, a hot summer from April to 
September and cold winter from October to March. There are three 
meteorological stations in Northern State, located at Wadi Halfa, Dongolla 
and Karima Table 3.1.  
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Fig.3.1. Location map of the study area. 
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Table  3.1.  The Geographical position and the height of the three 
meteorological stations 
Station Latitude Longitude Height in m (asl)
Wadi Halfa 21          55 N 39          26 E 125 
Dongolla 19          10 N 30          26 E 225 
Karima 18          33 N 31          51 E 250 
 
The climatollogical normals for the three meteorological stations are 
presented in Table 3.2. The highest mean maximum temperature recorded is 
43.1o C in Dongola, while the absolute maximum is 49o C in Wadi Halfa. 
The mean minimum recorded temperature 8.3o C and absolute minimum is 
1o C both recorded in Wadi Halfa.     
Rainfall is the critical climatic factor in arid zones, because it determines 
the state of vegetation and surface water as well as shallow ground water.  
The rainfall in the study area is extremely low falling mainly in August, the 
average total annual rainfalls are 3, 18 and 37.7 mm in Wadi Halfa, 
Dongolla and Karima respectively. The rain increases from  north to south  
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Table 3.2 Climatological normals for the three stations in the study area.  (1950-1980) 
Station J F M A M J J A S O N D Year 
    Mean temperature C0     
Wadi Halfa 16.6 18.7 22.3 27.2 31.7 32.5 32.7 33.3 31.5 28.7 22.9 17.9 26.3 
Dongola 18.3 19.9 23.9 28.3 32.2 33.8 33.5 33.7 32.9 29.9 23.9 19.5 27.5 
Karima 20.5 22.2 25.9 29.9 33.3 34.9 34.1 34.1 34.1 31.5 26.1 21.5 29.0 
    Mean maximum temperature C0     
Wadi Halfa 24.1 27.1 31.3 36.2 40.2 41.5 41.2 41.4 39.7 37.1 38.8 29.9 35.6 
Dongola 27.5 29.8 33.9 38.4 41.9 43.1 42.1 41.7 41.2 38.6 32.6 28.7 36.7 
Karima 28.4 30.7 34.6 38.5 46.7 43 41.4 40.8 41.4 39 33.5 29.3 37.3 
    Mean minimum temperature C0     
Wadi Halfa 8.3 9.5 13.3 17.9 22.1 23.6 24.1 25.1 23.2 20.3 15.0 10.0 17.7 
Dongola 9.1 10.1 13.9 18.3 22.5 24.5 24.9 25.8 29.5 21.0 15.2 10.4 18.8 
Karima 12.5 13.7 17.1 21.2 28 26.7 26.8 27.3 26.8 24.0 18.6 13.8 21.4 
    Absolute maximum temperature C0     
Wadi Halfa 35.8 41.2 44.0 47.0 48.7 49.0 47 47.6 47.2 44.4 41.1 38.0 44.3 
Dongola 37.0 40.4 44.7 47.2 48.1 48.7 47.4 47.2 47.1 44.6 40.2 38.2 44.3 
Karima 37.6 42.4 45.1 46.6 47.5 48.1 46.8 46.2 46 43.7 40.1 38.2 44.0 
    Absolute minimum temperature C0     
Wadi Halfa 1.0 2.6 4.4 7.9 13.2 17.0 19.0 20.4 16.8 12.2 5.0 2.0 10.2 
Dongola 2.2 1.7 3.5 8.4 13.5 17.0 19.0 18.0 14.5 10.0 6.0 2.6 9.7 
Karima 4.3 5.5 7.5 10.0 16.1 18.6 20.2 22.0 19.5 14.6 6.4 5.0 12.5 
    Mean Relative Humidity in%     
Wadi Halfa 35.0 27.0 22.0 18.0 17.0 17.0 19.0 22.0 22.0 25.0 32.0 40.0 25.0 
Dongola 35.0 31.0 26.0 22.0 21.0 20.0 24.0 24.0 25.0 27.0 33.0 38.0 27.0 
Karima 27.0 21.0 16.0 14.0 15.0 15.0 24.0 32.0 22.0 22.0 27.0 31.0 22.0 
   Mean Evaporation (mm) Piche (1941-1970)    
Wadi Halfa 12.3 15.3 20.2 24.9 28.3 27.2 26.2 26.9 28.1 23.9 16.9 12.2 22.0 
Dongola 9.0 10.7 13.5 16.5 18.9 19.9 17.1 15.7 17.3 15.7 11.4 9.1 15.0 
Karima 15.4 18.5 22.5 25.4 19.9 25.6 21.6 19.6 29.1 22.5 18.1 15.0 21.0 
   Mean  Duration of Sunshine Hours (1941-1970)    
Wadi Halfa 10.2 10.4 10,3 10.3 10.3 11.9 11.6 11.1 10.6 10.3 10.4 9.8 10.8 
Dongola 10.1 10.9 10.5 10.5 11.3 11.2 10.7 10.9 10.2 10.5 10.5 10.4 10.6 
Karima 10.3 10.8 11.6 11 11.2 10.5 11.0 10.1 9.9 10.5 10.7 10.5 10.6 
   Mean  Vapour Pressure (mb) (1941-1970)    
Wadi Halfa 6.6 5.9 6 6.7 8.3 8.8 10.5 12.5 10.9 10.2 9.1 8.3 8.7 
Dongola 7.8 7.6 8.4 8.4 11.1 12.1 14.2 15.6 12.9 12 10.7 9.3 10.9 
Karima 6.9 5.7 5.7 7.2 8.5 9.3 13.2 13.1 12.1 10.6 9.8 8,4 9.2 
    Mean Annual Rainfall Data (1941-1970)     
 Total Rainfall (mm) Maximum in one day No,of Rainy days (over 1mm Rain) 
Wadi Halfa 3 19.4 1 
Dongola 18 40 2.7 
Karima 37.7 61.9 5.8 
Source; Sudan Metreological Department 
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 The relative humidity is low in the study area due to the following factors. 
(a) The geographical position being  far form water bodies.  
(b) The climate  is desert (hyper-arid).  
(c) High temperatures especially in summer.  
It is evident that the relative humidity is high in December and drops in 
summer (July). The highest evaporation occurs in May and the lowest in 
January. The maximum duration of sunshine is 11.9 hours in June and the 
lowest duration  is 9.8 in December. The highest vapour pressure occurs in 
August and the lowest  occurs in February.   
Table 3.3 presents the dominant wind direction and the mean speed for each 
month based on 10 years measurements for Atbara, Karima and Dongolla.   
The wind speed is measured at 15.2 m height every three hours.  
Atbara is still under the influence of the monsoon belt and has wind speeds 
half as strong as the two other stations. Dongolla has very dry desertic 
climate. The winds are unidirectional from the north throughout the year. 
Karima has a wind climate close to Dongolla except that in June–July the 
northern wind turns slightly to the west. It must however be remembered 
that the dominant wind direction does not exclude occasional winds from 
other directions. During the ‘ khareef ,,  strong winds come from SSW and 
W which may blow heavy load of sands and dust during few days  
especially in April, May, July and August. 
As a matter of fact, the mean winds indirectly indicate  the direction of 
sands movement because it is  only strong winds  (threshold speed > 6m/s) 
that are capable of transporting sands.  
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Table. 3.3 Monthly dominant wind direction and mean wind speed (1980 - 
1990). 
Atbara Karima Dongolla Month 
Dir m/sec Dir m/sec Dir m/sec 
January N 2.7 N 5 N 5 
February N 3.2 N 5 N 5 
March N 2.7 N 5.4 N 5 
April N 3.6 N 5 N 5 
May  N 1.8 N 5 N 5 
June  N 2.3 NNW 4.5 N 5 
July  SW 2.3 NNW 4.1 N 4.1 
August  SSW 2.3 N 4.1 N 4.1 
September SSW 1.8 N 4.1 N 5 
October N 1.8 N 4.1 N 4.5 
November N 2.3 N 5.4 N 5 
December N 2.7 N 5 N 4.5 
Source; Sudan Metrological Department
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Table 3.4 Monthly mean/total meteorological data for Dongola station and number of days with sand storm 
each month and year during (2005/2006&2006/2007).  
Months 
 Periods 
Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. 
Total 
year 
2005/2006 N N NNW N NNW N NNW NNW NNW N N N Wind 
direction 2006/2007 NNW N NNW N NNW N N NNW NNW NW NNW N 
 
2005/2006 6 5 5.5 4.5 5 5 6 5.5 4.5 5 4.5 4.5 Wind speed 
m/s 2006/2007 4.5 5.5 5 4.5 4 4.5 5.5 5.5 4.5 5 4.5 5 
 
2005/2006 0.0 0.0 0.0 10.4 3.0 TR 0.0 0.0 0.0 0.0 0.0 0.0 13.4 Total rainfall 
(mm) 2006/2007 0.0 TR 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 
2005/2006 5 0 0 5 0 0 0 0 4 0 1 2 17 Sand storm 
vis ≤ 1km 2006/2007 0 2 0 0 1 7 1 0 1 3 1 4 20 
2005/2006 25 0 26 19 0 25 26 14 10 12 15 21 193 Sand storm 
vis   1km 2006/2007 15 24 19 8 15 24 24 20 23 21 21 23 237 
Max. wind 
(gust) m/s 2005/2006 
18.5 14.5 14.5 19 18 15 18.5 14.5 14.5 14 17.5 NR  
Source: Ministry of Science and Technology.
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The wind direction is stable throughout the year except for the months of 
July, August and September when the wind is blowing from S, SW and W 
direction. Also Table 3.4 shows data about the wind patterns of the Dongola 
station during the study period (2005/2006 and 2006/2007). 
Data revealed that the wind erosivity indicated by sand storms during 
(2006/2007) was greater than during (2005/2006), because the numbers of 
sand storms with visibility ≤ 1 kilometer during (2006/2007) was 20 while 
during (2005/2006) was 17.   
  3.1.4  Geomorphology and lithology 
Three main morphological and lithological domains may be distinguished 
in the study area. The crystalline Basement, Fig. 3.2.a, the Nubian 
formation and Nile alluvium, in north western area dominated by crystalline 
outcrops in mountainous groups of Tertiary Basalts (Jebel. Binna, Jebel. 
Haffer, Jebel. Lagiya and Jebel. El Hasha) and isolated relief. The 
prevailing landscape is the characterized by stony desert or desert 
pavement, in which aeolian deflation is associated with piedmont zones, 
(Talus and alluvial fans) whereas further east there are extensive 
peneplained sand sheet zones. The morphological domain of sand stone is 
also extensively peneplained and characterized by deflation and desert 
varnish especially to the east of the Nile. To the west, numerous yardangs 
are added to the landscape, especially in the mid-north western part of the 
area.  
The morphological domain of the Nile alluvium may be roughly subdivided 
into two sub areas;  the first on the west bank of the Nile, and the second on 
the east bank. On the west bank of the River Nile there is a wide zone 
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originally consisting alluvium affected by deflation resulting in pebbly 
pavement (El Golied reg). On the east bank of the River Nile the alluvium 
consists mainly of recent and old alluvium of the Nile attributed to the 
Quaternary periods. These alluvium deposits are  the floor on which wind 
erosion and deposition alternate resulting in Wadi El Khowie dune fields.  
The Nubian sandstone is sticking out as dissected ridges (east of El Khowie 
dune fields) sometime adjacent to the Nile as in Karima area, 
(Fig.3.2.c.&.d) also  at the third cataract. 
Both banks of the Nile which crosses the whole area from south to north are 
considerably occupied by human settlements beside extensive cultivated 
areas, extending from Dongola to Karima where they stand as  
morphological control for the whole area, since spontaneous vegetation is 
very rare and erratic.          
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Fig.3.2.a Basement complex at third cataract  
 
Fig.3.2.b  Consolidated conglomerates. 
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Fig.3.2.c Hard stratified sandstone 
 
Fig.3.2.d Sandstone ridge at the right bank of the Nile. 
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3.1.5  Dongola alluvial plain reach  
Reach is defined as length of a stream channel that is uniform with respect 
to discharge, depth and slope. Dongola alluvial plain reach is relatively low 
gradient stretch of the Nile valley which lies up stream of the third cataract; 
the wide alluvial plains of Dongola reach extend for distance of about 
313km between fourth and third cataracts and the channel has low average 
gradient of 0.083 m/km. This part of the Nile valley is underlain by Nubian 
sandstone, which is considered as one of the  sources of aeolian sands in the 
study area.  The lower part of this stretch includes all of Northern Dongola 
reach (Wadi El Khowie and Seliem basin) which is affected by wind blown 
sands forming El Khowie dune field that extends from south Seliem basin 
to Nawa.       
3.1.6 Sands source 
The most important source of sands in the study area originates from the 
decomposition of Nubian sandstone ridge which stretches 200km over 
which the northern wind blows (Fig.3.1).Sandford (1935), and  Edmond 
(1942),  believe that the sands were derived from the weathering Nubian 
series which stretches along the whole of the study area, and were carried 
by wind to Kordofan (Qoz). They also believed that the Nubian series at 
one time covered almost the whole region west of the White Nile and South 
as far as Bahar Elarab. 
The Nubian sandstone is heterogeneous and composed of layers with 
conglomerates and sandstone alternating with layers of mud and siltstone. 
The conglomerates are often strongly consolidate (Fig. 3.1.b), while the 
sandstone is stratified in hard layers (Fig. 3.1.c).The mud and siltstone  
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produce little sands when they decay as compared to sandstone. Therefore, 
the quantity of sands coming into the area varies considerably from site to 
site according to the nature of the Nubian series.  
Wadi Hower is considered one of the most important sources of the sands in 
the left site of the River bank, and constitutes the largest extinct tributary of 
the Nile radiating from mountainous region between Jebel Marra and 
Enndi, West of Sudan, and traversing the south fringe of the sahara with an 
extent of more them 2700km. The dunes in Wadi Hower are older than 
9000 years (Pachar, 1987). Therefore, the broad sand plain of El Baja is one 
of the network of now defunct tributary of Wadi Hower when entering the 
River Nile between Kankalab and Arab Nartti with width more than 18km 
opposite to old Dongola in the right Bank. The sand plain of Al Baja is 
formed  by the processes of fluvial and fluvio-aeoliantic deposit which is 
considered one of the sand sources  south west of El Ghaba dunes field 
(Fig.4.12).  
Also, this area falls under the sand moving winds of the Sahara (Wilson, 
1971). These are the northerly winds that prevail in Egypt and Northern 
Sudan, and tend to move sand from the great sand sea of western Egypt, 
(deflation zone) through Nubian desert (transporting  zone) to thick sand 
accumulation (deposition zone) in Seliem basin and Wadi Al Khowie dune 
field both  east of the River Nile.  
From this review of historical and geomorphological evidence and since 
there is sand transport by wind, fine product of erosion from Nubian sand 
stone, the fine and medium sand sized grains saltated readily by strong wind 
and accumulate in the form of sand sheets with rippled surface at El Baja 
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area Wadi Howar sand plain or as crescent dunes which by far are the most 
abundant in Wadi El Khowie and Seliem basin.                     
These mobile encroaching Barchan dunes  are phenomenon of wind blown 
sand landforms on alluvial deposits within Wadi El Kowie old alluvium 
deposits, forming secondary sources of sand that threaten the entire length 
of the Nile course between Karima, Dongolla and the Seliem basins.  
The  sand invaded the left bank of the river at El Golied Bahary to Romy El 
Bakery forming four isolated branch dunes (Fig.3.11)  in El Bakery 
Agricultural Scheme near the asphalt road. The likely plausible explanation 
of the occurrence of this phenomenon is that, the dunes drifted from Al 
Khowie dune field at the right bank of the River crossed the Nile at Al 
Khandag at the left bank to Nawa at the right bank where the prevailing 
wind direction (NNE) is perpendicular to the Nile course. (Fig.3.12).    
3.1.7 The direction of sand movement  
The direction of longitudinal dunes formed behind big obstacles like rocks, 
trees or bushes has been measured with compass – indicating the direction 
of sand movement (Fig 3.3.a, b, c & d).  
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Fig. 3.3.a Longitudinal dune formed behind bushes indicating  sand movement direction reading 
50 N. The  month Febraury 2007 
 
 
Fig.3.3.b Longitudinal dune formed behind bushes indicating  sand movement direction reading 
2300 SW. the month June/2007 
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Fig. 3.3.c Longitudinal dune formed behind bushes indicating   sand movement direction  reading 
1950 S.  The - month July 2007 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.3.d Small northward facing slipfaces on top of Barchan dune due to reversals of wind 
direction primary occurred during khareef, the month July/2007  
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3.2  Materials 
The materials used include sand traps, pocket anemometer, compass, 
clinometer, Garmin GPS12, maps, aerial photos, landsat high resolution 
ETM imageries, and digital camera. 
3.2.1  Vertical sand traps (VST) 
 Vertical sand traps were made locally as described by Leatherman (1978). 
The unit consists of two parts, one PVC tube 100 cm long and 5.1 cm 
diameter closed at the base which is buried completely in the soil to the soil 
surface, and an other moveable metallic tube 100 cm long and 3.8 cm 
diameter closed at the base by removable plastic cover, with two slits 1cm 
wide and 30 cm long cut  from the top of the tube downward in two 
opposite sites. (Fig. 3.4.a). One slit services as a collection orifice, while the 
other is covered with metallic screening to provide maximum flow  of wind 
with little disruption of air flow and with little back pressure. All sand grain 
sizes materials are collected in the metallic moveable tube. several of such 
traps were nearlly positioned to face different directions. Two types of 
vertical sand trap were used (Fig.3.4.a) 
1-Vertical sand trap with orifice extending from 0-30 cm height (VST 30) 
 2-Vertical sand trap with orifice extending from 30-60 cm height (VST 60) 
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3.2.2  Vertical sand trap to collect sand at different height from soil 
surface  
A sand trap as described by Jensen et al. (1984). was locally fabricated. The 
unit consists of stack of twenty chambers each with rectangular aperture (3 
cm high and 6 cm wide) and has total height equal to 60 cm. The chamber 
has a length of 50 cm with small five circle orifices in both sides of each 
chamber at the upper most edge. These ports along the side of chamber act 
to reduce stagnation pressure. The end of each chamber is covered  by 
metallic mesh to prevent sand grains  from leaving the chamber. The stack 
of twenty chambers has been covered by rectangular metallic plate in both 
sides to prevent sand grains entering the chamber if the wind has changed 
its direction (Fig. 3.4.b & Fig. 3.7)          
3.2.3  Horizontal sand traps 
3.2.3.1  Large soil trenches 
Soil trenches are large pits dug for measuring drifting sands accumulated 
into the pits. Those pits were demarcated with dimension of (2 x 2 x2 m)  
2 meters across at right angles to the wind direction and 2 meter downwind 
and two meters deep. Each pit has flat rectangular bottom with steel peg in 
the middle of the pit bottom for measuring sand accumulations height (Fig. 
3.5.a,b&c). 
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Fig.3.5.a Horizontal sand trap Pt-96 EL Golied 
 
Fig.3.5.b Horizontal sand trap Baja-1 
70 
 
 
Fig.3.5.c Horizontal sand trap Pt-112 EL Khowie 
3.2.3.2  Horizontal sand traps for measuring sand creep  
This unit is very simple, it consists of an orifice 4mm (0.4cm) wide and 
2cm long, installed flush with soil surface and connected by plastic 
containers which were buried  completely in the soil (Fig. 3.6).   
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Fig. 3.6. The experimental lay out of horizontal sand trap for measuring surface creeping sand    
Ne: north – east    N: north   Nw: north – west 
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3.3 Methodology 
3.3.1  Field measurement of rate of drifting sands  
3.3.1.1 Field measurement of rate of moving sand by soil trench  
Since the direction of movement is of prime importance, constant 
surveillance throughout the time is not possible. Due to the limited capacity 
of vertical sand traps and the filling with sand within few hours or at most 
few days during major sand storms unless frequently emptied. To cover 
large area in the study area, these situations justified using soil trenches for 
measuring blown sand in cubic meter per meter width per month (m3/m-
w/m). Fig. 3.5.a,.b&c show photographs of some pits in the study area. 
3.3.1.2  Field measurement of rate of sand movement by saltation  
A set of array of vertical sand traps (VST)  were used to determine drift rate 
of wind-driven sands in cubic meter per meter width (m3/m-w) per unit time 
at two different heights from soil surface. Vertical Sand Trap, VST (0 – 30 
cm) and VST (30–60 cm) at three different directions (NE, N, NW) of 
moving wind were used. Each direction had three replicates of VST (0–30 
cm) and VST (30–60 cm),which were installed two meters apart from one 
another forming a total of eighteen traps. The mass of sand particles 
collected inside moveable metallic tube were weighted monthly or after 
sand storms to convert weight to volume by using graduated measuring 
cylinder. This was applied only at Al Baja sand sheet. (Fig. 3.7)  
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3.3.1.3  Field measurement of rate of sand creep 
Three replicates of traps for measuring sand creep were used to determine 
the rate of sand creep in cubic meters per meter width per month (m3/m-w). 
To cope with variation of wind direction a set of three replicates, were 
buried along with slots facing NE, N, and NW of moving wind. The rate of 
sand movement by surface creep over a lane of two centimeter length was 
measured monthly per each trap in cubic meters per meter width per month 
(m3/m-w/m).This was applied only at Al Baja sand sheet. 
3.3.1.4 Field measurement of saltation height 
A sand cloud is a kind of group movement composed of a large number of 
sand particles that interact randomly. The bulk of transport is by saltation 
and is normally concentrated within the ground surface as saltation cloud.  
Locally constructed twenty rectangular sediment traps has 3 cm height were 
used to determined moving saltation accumulation at different levels from 
soil surface.  
3.3.1.5  Statistical analysis 
The effect of treatments was obtained from the analysis of variance table, 
using a randomized complete block design in factorial experiment, 
according to Gomez and Gomez (1984). Mean separation between 
treatment means was done according to Duncan’s New Multiple Range Test 
(DNMRT) (Gomez and Gomez, 1984). 
Comparison between seasons for each location was done using Student t- 
test (Snedecor and Cochrant, 1987). 
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Fig. 3.7  The experimental layout and the construction scheme of the vertical sand traps. at Al Baja sand sheets 
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3.3.2  Measurement of dune advance 
3.3.2.1  Field measurement by ground control  
The advance rate of dune in the study area was measured by periodical 
surveying of slipface of Barchan dune with a permanent benchmark located 
at suitable distance down wind. Four single steel pegs were used as 
permanent benchmark, steel pig No. (P1) was placed near the slipface on the 
middle, where steel peg No (2) was placed 14.86 meter down wind  of the 
dune parallel to average  sand drift direction movement while steel peg No 
(P4) on the east horn and steel peg No (P3) on the western horn. This 
method helped to record different degrees of activity at various part of 
slipface from month to month (Fig. 3.8).  
3.3.2.2  Field measurement of dune advance by Garmin GPS12  
This method is simple, fast and easy for implementing and monitoring dune 
advance for long periods. To take GPS reading at middle of slipface base 
and repeated when one comes to the field at any time at the same place.    
3.3.2.3  Measurement of dune advance by remote sensing  
Satellite imageries and aerial photographs are very useful tools to obtain a 
clear and complete synopsis of different landforms that are found in the 
study area and also to be used in identifying geomorphological processes of 
aeolian sands. The measuring of dune advance in this study area can be 
made by comparing multitemporal imageries or aerial photographs. In the 
study area ,dune movement over 39 year periods have been measured by 
comparing  1961 photos with the aerial photographs. of the year 2000 
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 3.3.3  Grain size statistical and textural parameter of wind blown sand 
deposits in the study area 
3.3.3.1 Sampling and preparation of samples  
Samples were taken from representative sands of dunes, drifting sands, 
sands from vertical sand traps (VST) ,and creeping sands. Beside the  
drifting sands from Elkhowie, El Golied, El Baga and El Afad areas,  sands 
from VST (0 – 30cm),(30 – 60cm) and creeping sands were also collected. 
Twenty six samples were used for making grain size analysis. These were 
eleven sand samples from the dune sands in addition and eleven samples 
from sand drift deposits in addition to two samples at depths 120 cm and 
190 cm from soil surface at El Khowie, and two samples representing the 
creeping sands. 
For dune sand, samples were collected from various positions on dunes 
such as crest, windward, leeward and slipface. Fig. 3.9 shows sampling 
points.  
Using sieve wet methods, the sieve openings of consecutive sieves were 
4.75, 2.35, 1.19, 0.59, 0.297, 0.149 and 0.074 mm. Size fractions were 
weight to 0.1g and expressed as percentage of total sand. The samples were 
analyzed by Building and Road Research Institute, University of Khartoum. 
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Fig.3.9 The relative position of sampling points 
 
79 
 
3.3.3.2 Measurements and calculation of data 
All calculation were based on phi unit (Φ) Grade scale followed by 
equivalent in millimeters (mm)(Wentworth grade scale) the progression is 
as follows.  
- 2 Φ = 4mm  
- 1 Φ = 2mm  
0 Φ = 1mm  
1 Φ = 0.5mm  
2 Φ = 0.25mm  
3 Φ = 0.125mm  
4 Φ = 0.0625mm  
The cumulative mass percentage were plotted against grain size on a 
monologarithmic graph paper. The size distribution of samples was 
illustrated in Fig. (3.10) . The median grain size (50%), the two quartiles 
(25 and 75 percentile and the 5, 16, 84 and 95 percentile were obtained 
from cumulative curves for each samples.    
The formulas applied for calculation of grain size statistical and textural 
parameters are listed below:  
1- Median diameter (M50) = 50%  
2- Graphic mean (Mz): 
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3- Inclusive graphic standard deviation (σ1) 
 
4- Inclusive graphic skewness (ski) 
 
5- Inclusive graphic kurtosis (KG) 
 
As defined by (Folk and Ward, 1957).  
The results of the particles size distribution and the statistical analysis of 
texture are derived from monologarithmic graph paper. Fig. 3.10 shows 
example of six monologarithmic graph papers.  
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Fig.3.10. Six  grain size distribution for sand deposit samples. 
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3.4 Prediction of rate of sand movement by equations 
Several authors have developed mathematical models aimed at predicting 
the mass transport of wind blown sand. Most of these models are based on 
theoretical considerations but incorporate empirical coefficient (Bagnold 
1941,Chepil 1945a,1945b, Kawamura. 1964, Zingg. 1953, Hsu. 1974, 
Lettau and Lettau, 1978,). In all of these equations the sand transport rate is 
represented by q, which has unit of mass per unit width per unit time. (Kg 
m-1 s-1 )   
The great majority of these sand equations incorporates a cubic relationship 
between sediment transport(qs)  and prevailing friction velocity (U*). The 
equations utilized in the calculations are: 
3.4.1         qs  = c(d/D).5(p/g)U*3          Bagnold (1941) 
3.4.2         qs = c2(d/D)3/4(p/g)U*3                               Zingg (1953) 
Where c2 =0.83 
3.4.3          qs =k(p/g)(U*-U*t)(U*+U*t)2                  Kawamura (1964) 
Where k =2.78 
3.4.4          qs = c3(d/D).5(p/g)(U*-U*t)U*2                    Lettau and Lettau(1978) 
Where c3 =4.2 
3.4.5         qs = 1.16 *10-4Ū3                                       Hsu (1974) 
Where  qs = rate of sand transport (g/cm/s) 
Ū =hourly averaged wind velocity (m/s)  at height 2-10m above ground. 
Calculation of U* 
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Based on field data from several areas, Hsu (1974) derived relationship 
between U* and wind velocity at height of 2m (U2) under condition of 
active sand transport; he found  the following relationship. 
3.4.6             U*(cm/s) =4.4 U2 (m/s) 
3.4.7 calculation of threshold velocity (U*t ) 
U*t = A{ (pp – pa)/pa gd}1/2          Bagnold(1941) 
 
Methodology 
For calculating (qs) in equations 3.6.1 to 3.6.5, the following parameters 
should be known. 
1- Ū mean average wind speed m/s 
2- U* friction velocity or shear velocity m/s 
3- U*t the threshold velocity m/s 
3.5 Mapping and assessment of wind erosion in the study area using 
remote sensing data:  
Mapping of severity of wind erosion in the desert of the Northern State of 
Sudan  made use of remote sensing data recorded by the satellite Landsat 
high resolution, ETM imagery and large scale aerial photos. This was  made 
possible by the availability of the following remote sensing materials:-  
1- Mosaic of photochromatic aerial photographs of study area (Hunting 
Technical Services (1961), scale 1: 50000.  
2- Panchromatic aerial photographs (1973), scale 1: 18000.(Land and Water 
Resources Center Madane)  
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3- Ortho-aerial photographs (2000). scale 1: 20000.(Lahmeyer International 
(Merowe Dam Implementation Unit) 
4- False color composite Enhanced Thematic Mapper (F.C.C. ETM)(2000). 
.(Lahmeyer International (Merowe Dam Implementation Unit) 
Color composites were produced by combing three bands, namely,  band 2 
green light (0.50 – 0.59um) color code is blue, band 3 red light (0.61 – 
0.68um) color code green and band 4 infrared light (0.79 – 0.89um) color 
code red.  
Methodology  
 Visual image interpretation of false color composite ETM data was used 
for mapping of wind erosion hazard in the study area. The image analysis  
was based upon differences in tonality or color,  texture  use of various 
imageries characteristic and collection of available information from 
topographic map, pedological and geological in addition to ground 
observation was interpreted . To produce the map of wind erosion severity 
in the study area ( Fig 4.12.).  three main terrain were detected and mapped 
these were: 
1- El Baja sand plain.(sand sheet) ,(Fig.3.11).          
2- El Golied pebbly pavement (reg),( Fig.3.11).          
3- El Khowie dune fields right bank,(Fig.3.12)  and (Fig.3.13).  
4- Barchan and Barchanoid dune El khowie 2000 (Fig.3.14). 
5- Barchan and Barchanoid dune El khowie 1961 (Fig.3.15).      
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Fig.3.11 Landsat color composite ETM Image shows EL Baja sand sheet and       
EL Golied reg.
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Fig.3.12 Landsat ETM image shows El Khowie dune complex south of EL Seliem basin(1-4kmwide), 
and(4-15km long) dune field are alignment NNE to SSW; and old river channels, bordering the 
Nubian sandstone ridge at the east. 
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Fig.3.13 Landsat ETM shows sand dune encroaching into River Nile channel 
between, El khandge west site and Nawa east site.
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Fig.3.14 Mosaic of  Ortho-aerial photographs (2000) at scale 1:100000
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Fig. 3.15  Mosaic of photochromatic aerial photographs ( 1961) at scale 1:50000
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CHAPTER FOUR 
RESULTS AND DISCUSSION 
4.1. Terrain types in the study area  
Ground observations, aerial photographs and satellite imageries revealed 
that the study area is characterized by a relatively flat pediplain surface, 
except for the area immediately adjacent to the river. The study area is 
barren. The majority of the study area consisted of wind laid sands, tertiary 
gravels, cretaceous Nubian sandstone, Basement Complex and rocks mostly 
in the form of N–S elongated exposure. Aeolian deposits of the study area 
consist of dune, inter dune, and sand sheets. The type of aeolian terrain was 
early recognized as an important factor influencing the rate of sand drift , 
thus sand traps (large soil trenches) were placed to observe activity that 
took place on these basic terrain types.   
4.1.1. Dunes in the study area  
Most of the dunes in the study are located at the right bank of the River Nile 
at El Khowie area and Seliem basin. The dunes are of the Barchanoid type 
(after Mckee, 1979) including barchans, barchanoid ridge, transverse ridge 
and dome dunes. The dunes are typically developed in unimodal wind 
regime (NNE shamal wind prevailing in the Northern Sudan). Also coppice 
dune is an obstacle dune formed by vegetation. 
Dunes in El khowie  existed in isolation or in dune complex 1-4km wide 
and 4 – 15km long and aligned NNE to SSW (Fig.3.12) and (Fig.3.13). 
Inter dunes are flat to gently undulating areas between dunes, which are 
commonly topographically enclosed by dunes (Fig. 4.1).  
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4.1.2. Sand sheet in the study area 
Sand sheets are flat or gently undulating bodies of sand up to several meters 
thick which extend many or even hundred kilometers horizontally.   Surface  
sand sheets are broken by sand ripples (micro and mega ripples) and 
composed of fine gravel, course sand, medium sand and fine sand, all have 
average mean grain size (Mz) = 0.35 mm. and very well sorted  sand (σ1 = 
0.29). Sand sheet resist wind erosion because of their wide spread 
occurrence  protecting surface layer of the course grains up to 4mm (Fig. 
4.2). Sand sheets in the study area are located at wadi Howar, an extinct 
river system, in the left site of River Nile bank,(Fig.3.11).                                    
4.1.3. El Golied reg 
Regs. are almost flat or gently undulating land surfaces of considerable 
area, which are covered by a residual concentrate of small rounded pebbles 
and other fragments closely packed together mantling the surface.The 
pebbles had been produced by processes of long continued mass wasting, 
sheet wash and stream erosion where wind removed all finer particles. They 
are usually protecting underlying materials from further deflation, (Fig. 4.2 
and Fig.3.11).   
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Fig.4.2 Terrain types in the study area. 
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4.2. Rate of Sand drift as measured by trenches 
Rate of sand drift was evaluated at three sites in the study area using large 
soil trenches. Two of these sites were situated on the left bank of the Nile at 
El Golied with four pits (Pt-63, Pt-64, Pt-96, and Pt67,). At   Al Baja two 
pits (Baja-1 and Baja-2) were selected. On the right bank of the Nile two 
pits (Pt112 and Pt141) were placed south of Seliem basin (on Elkhowie dune 
field). Fig.4.12 shows the positions of these pits. These pits were checked at 
monthly intervals during the study periods which started on February 2005 
to August 2007. Data on rates of drift sands are tabulated for each month 
for each pit represented in appendix Tables 4.1 to 4.8.).  The results are 
expressed  in cubic meter per meter width per month (m3/m-w/m) 
4.2.1. Rate of sand drift (m3/m-w/m) at El khowie and El Golied during 
2005/2006     
Statistical analysis showed that the rate of sand drift was highly 
significantly affected (P < 0.001) by location, time and their interaction. El 
khowie location resulted in a significantly higher mean of sand drift per 
month (1.39 m3/m-w/m) compared to the Golied location (0.32 m3/m-w/m) 
(Table 4.1 and Fig. 4.3). The increment of sand at El khowie compared to 
Golied was 334.4% per month. On the other hand, sand drift was 
significantly higher in April (1.93 m3/m-w), August (1.35 m3/m-w) and 
March (1.30 m3/m-w) in comparison to all other months, where as 
November and December recorded a significantly lower mean of sand, 
(0.08 and 0.22 m3/m-w respectively),  compared to all other months.  
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Table 4.1 Effect of location, time of year and their interaction on the monthly  rate of  sand drift (m3/m-w/m). 
during the period April 2005 and March 2006.  
Means followed by similar letters are not significant different at 0.05 level of probability according to 
DNMRT. 
C.V =17.45 
S.E ± for location (L) =0.03           
S.E ± for time (T) =0.07         
S.E ± for interaction (L T) =0.1 
Months 
Locations 
Apr. 
2005 
May. 
2005 
Jun. 
2005 
Jul. 
2005 
Aug. 
2005 
Sep. 
2005 
Oct. 
2005 
Nov. 
2005 
Dec. 
2005 
Jan. 
2006 
Feb. 
2006 
Mar. 
2006 
Loc. 
mean 
M3/m-
w/yr. 
El Khowie 3.21a 1.62cd 1.56cd 0.32gi 1.62cd 1.85bc 1.47d 0.11h 0.40fh 0.91e 1.43d 2.14b 1.39a 16,64 
El Golied 0.64ef 0.21ghi 0.17ghi 0.32gi 1.07e 0.40fh 0.20ghi 0.04i 0.03i 0.06i 0.21hi 0.46fg 0.32c 3.81 
Month mean 1.93 a 0.93de 0.87e 0.32fg 1.35b 1.13cd 0.84e 0.08h 0.22gh 0.49f 0.82e 1.3bc 0.86b 10.27 
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Fig. 4.3. Mean monthly sand driŌ rate at El Khawie and El Golied during (2005/2006)
0 
0.5 
1 
1.5 
2 
2.5 
3 
3.5 
Apr. 
2005 
May. Jun. Jul. Aug. Sep. Oct. Nov.  Dec. Jan. Feb. Mar.
Months
M
e
a
n
 
m
o
n
t
h
l
y
 
d
r
i
Ō
 
r
a
t
e
 
(
m
3
/
m
‐
w
)
 
El khowie El Golied
97 
 
Sands drift in April, August and March increased by about 2813%, 1586% 
and 1525% compared to November respectively. For the same months of 
April, August, and March the rate decreased compared to December by 
about 777%, 514% and 491% respectively. For interaction the significantly 
highest mean of sand drift was registered during April at ElKhowie (3.21 
m3/m-w) while the significantly lowest mean of this character was reported 
in both November and December at El Golied (Table 4.1) and Fig. (4.4).  
In the present study, statistical analysis showed that sand drift at El Khowie 
during 2005/2006 was significantly higher than at El Golied sites; this sand 
drift may have occurred  due to the fact that the El Khowie is dune field and 
second site at El Golied is a gravely peniplain as revealed from the terrain 
analysis of the study area. These results in agreement with (Fryberger et al., 
1984 and Lancaster, N. 1996)   
4.2.2. Rate of  sand drift  at El khowie, El Golied and El Baja during 
(2006/2007)   
Table (4.2) and Fig. (4.4) show that in the second season (2006/2007) of 
this study, El khowie location had similar trend for rate of sand drift  as 
compared to El Golied location; this may be attributed to the effect of the 
previous mentioned reasons; being Al Khowie dune field and Al Golied 
desert pavement. Mean while, in this season (2006/2007) Wadi Hawor sand 
sheet (El Baja site) resulted in a significantly lower mean of sand drift (0.32 
m3/cm) as compared to ElKhowie (1.69 m3/m-w) where  there was no 
significant difference between this location (El Baja) (0.32m3/m-w) and El 
Golied location (0.44m3/m-w). The lower sand drift at El Baja site may be 
due to the fact that El Baja terrain type is a sand sheet. 
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Table (4.2)  Effect of location, time of year and their interaction on the mean monthly rate of sand drift  
(m3/m-w/m). comparison between 3 locations and 7 times during 2006 – 2007.  
 Means followed by similar letters are not significant different at 0.05 level of probability according to 
DNMRT. 
C.V =31.33 
S.E ± for location (L) =0.07           
S.E ± for time (T) =0.10         
S.E ± for interaction (L T) =0.18 
Months 
Locations 
Apr. 
2006 
May 
2006 
Jun. 
2006 
Jul. 
2006 
Aug. 
2006 
Feb. 
2007 
Mar. 
2007 
Loc. Mean 
2006/2007 
El Khowie 0.96c 1.62b 1.77b 0.79cd 2.72a 1.88b 2.12b 1.69a 
El Golied 0.15efg 0.59cde 0.21efg 0.02g 0.93bc 0.61cde 0.56cdef 0.44b 
El Baja 0.27defg 0.28defg 0.05fg 0.06fg 0.64cde 0.61cde 0.32befg 0.32b 
Month mean 0.46de 0.83bc 0.68cd 0.29e 1.43a 1.03b 1.00b  
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Fig. 4.4. Mean monthly sand driŌ rate at El Khawie El Golied and El Baja during (2006/2007)
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4.2.3. Comparison between (2005/2006 and 2006/2007) for El khowie 
and El Golied locations 
Table (4.3) and Fig.(4.6) showed that there was no significant difference 
between the two years in rate of sand drift  for the both locations (El Golied 
and Elkhowie), although, there was slight increment in the second year for  
both locations  compared to the first year. The similarity in the slight 
increment in the second season in sand drift may be due to the difference in 
the  number of sand storms vis.≤ 1 km.in the 1st year 2005/2006 =17 while 
2nd year 2006/2007 =20 table (4.3).      
 
Table.4.3  Mean monthly sand drift rate,  comparing between two years 
2005-2006 and 2006-2007 for El Khowie and El Golied locations. 
Seasons 
Locations 
1st season 
(2005/2006) 
2nd season 
(2006/2007) 
d.f. S.E.± Level of 
significance
El Khowie 2.080 2.175 14 0.19 N.S 
El Golied 0.476 0.513 14 0.05 N.S 
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Fig. 4.5. Comparison between the two years for El Khawie and El Golied locations
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4.2.4. Drifting sand (m3/m-w/yr)  from (S+SW+W) directions 
The southerly wind in year (2005/2006) was observed in the months July, 
August and Mid September. Table  4.4  and Fig. 4.7 Show total sand drift 
and drifting sand from  S, SW, and W directions.  
 
Table  4.4 Mean  total sand drift (m3/m-w/yr.)  and sand drift  from S + SW 
+ W during  2005/2006. 
Locations Total sand drift 
(m3/m-w/yr.) 
Sand drift from (S, SW, 
and W)(m3/m-w/yr.) 
% 
El Khowie 16.62 1.94 12 
El Golied and El Baja 2.9 1.07 37 
 
Results showed that sand drift from S, SW, and W contributed  37% of the 
total sand drift  for the left sites EL Golied and El Baja, and 12% for the 
right site El Khowie. The high contribution of southerly wind at left site ( El 
Golied and  El Baja) was  due to the fact that these locations were nearest to 
the south west El Ghaba and El Bab dune field, which are located to the 
south and west of these sites (Fig.4.12.). and therefore the southerly winds 
carry considerable amounts of wind blown sand. Therefore, care should be 
taken when thinking about constructing wind breaks in the west site.   
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Fig. 4.6. Comparison between total sand driŌ (m3/m‐w/yr) and sand drift 
from (S, SW and W) during 2005/2006
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4.2.5. Sand encroachment into the River Nile  
The amount of sand that could encroachment into  the Nile varies with the 
direction of Nile coarse and with  the prevailing wind direction. The rate is 
highest if the alignment is perpendicular to the dominating wind direction 
and lowest or zero if the alignment is parallel to the wind direction. This 
effect should be considered when calculating the drifting sand intrusion into 
the Nile course.  
The data revealed that the annual average mean sand transport measured in 
Elkhowie was 16.7 m3/m-w/yr, could pass 0.0457 m3/m-w/d or 45.7 cubic 
meters per kilometer width per day(45.7 m3/Km-w/d). These results do not 
include the sand encroachment by dunes and suspended sediments which 
may be discharged  from  the suspension of the River Nile crossing the 
study area.  
4.3. Rate of saltation  by VST 
Rate of sand drift (m3/m-w) at Al Baja sand plain during 2005/2006 was 
measured by using a  vertical  sand  trap (VST) at two different height (0 – 
30 cm) and (30 – 60 cm) and three directions NE, N and NW. (Tables 4.5, 
4.6 and 4.7 and Fig. 4.7, 4.8 and 4.9) .  
Statistical analysis showed that the trap height 0–30 recorded a significantly 
higher  monthly mean rate of movement by saltation (RMS) equal to 0.12 
m3/m-w as compared to that at the  height 30 – 60 cm which was equal to 
0.02 m3/m-w. Furthermore, the RMS at the height 30 – 60 cm was 
significantly higher than the rate of sand creep. Creeping sand  is equal to 
0.003 m3/m-w (Table 4.5 and Fig. 4.7). The rate of sand movement was 
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83.9 % at height 0 -30 cm, 14.01% at height 30 – 60 cm and it is was 2.1% 
at 0 cm (sand creep), of the total sand movement.   
Also Tables 4.5 and Fig. 4.7 show that sand drift was significantly higher in 
April as compared to all other months, This was followed by August and 
July whereas the months November, December and October recorded 
significantly lower means of this parameter in comparison to all other 
months . The highest interaction of sand drift was registered at the height 0 
– 30 cm in April compared to all others months, whereas the lowest 
interaction was registered for the  creeping sand in all months (Table 4.5). 
Tables  4.6 and Fig. 4.8 show that sand drift was significantly higher at the 
northerly (N) direction (0.06 m3/m-w) as compared to NE (0.04 m3/m-w) 
and NW (0.04 m3/m-w) whereas there were no significant differences 
between the two directions NE and  NW also,  Tables 4.6 indicated that the 
highest sand drift was obtained at the direction N in April whereas the 
lowest was recorded at  both NE and NW directions in November (Fig. 4.8). 
Moreover, Tables 4-7 and Figs. 4-9 show that sand drift was significantly 
higher at the height 0 – 30 cm and direction N, because of the prevailing 
strong wind is from the north, whereas the lowest mean of this character 
was reported with sand creeping from all directions.              
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Table 4.5  Effect of VST height on rate of saltation and sand creep  during the months of year 2005/2006 
At Baja sand sheet. 
Months 
height 
Jan. 
2006 
Feb. 
2005 
Mar. 
2005 
Apr. 
2005 
May. 
2005 
Jun. 
2005 
Jul. 
2005 
Aug. 
2005 
Sep. 
2005 
Oct. 
2005 
Nov. 
2005 
Dec. 
2005 
Height 
mean 
% 
 
0-30cm  0.010jk 0.160d 0.090f 0.410a 0.110e 0.050h 0.250c 0.310b 0.010m 0.010jk 0.000k 0.010jk 0.120a 83.9 
30-60cm  0.000k 0.030i 0.010jk 0.070g 0.020g 0.020ij 0.030i 0.030i 0.003qr 0.000k 0.000k 0.003qr 0.020b 14.0 
Creeping 0.000k 0.000k 0.000k 0.01jk 0.000jk 0.000k 0.010jk 0.010jk 0.000k 0.000k 0.000k 0.000k 0.003c 2.10 
Means followed by similar letters are not significant different at 0.05 level of probability according to 
DNMRT. 
S.E ± for months (M) =0.03           
S.E ± for height (H) =0.02         
S.E ± for interaction (M H) =0.05 
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Fig. 4.7. Effect of VST height on rate of saltation and sand creep during the months 
of season 2005/2006 At Baja sand sheet
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Table (4.6) Effect of VST direction on rate of sand drift  during the months of year 2005/2006  
at Al Baja sand sheet 
Means followed by similar letters are not significant different at 0.05 level of probability according to DNMRT. 
S.E ± for months (M) =0.03           
S.E ± for height (H) =0.02         
S.E ± for interaction (M  H) =0.05 
Months 
Directions 
Jan. 
2006 
Feb. 
2005 
Mar. 
2005 
Apr. 
2005 
May. 
2005 
Jun. 
2005 
Jul. 
2005 
Aug. 
2005 
Sep. 
2005 
Oct. 
2005 
Nov. 
2005 
Dec. 
2005 
Direction
mean 
NE 0.003pq 0.060i 0.020o 0.120d 0.030m 0.030m 0.090g 0.110c 0.007p 0.003pq 0.000q 0.007p 0.040b 
N 0.007p 0.080h 0.050j 0.220a 0.060i 0.030m 0.100f 0.130c 0.003pq 0.003pq 0.000q 0.003pq 0.060a 
NW 0.003pq 0.040l 0.040l 0.150b 0.050jk 0.020o 0.090g 0.110de 0.003pq 0.000q 0.000q 0.003pq 0.040b 
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Fig. 4.8. Effect of VST direction on rate of saltation and sand creep during the months 
of season 2005/2006 At Baja sand sheet
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Table (4.7) Effect of VST height, direction of the wind and their interaction 
on rate of sand drift  at Baja sand sheet. 
 
Height 
Direction 
(0-30cm) (30-60cm) creeping Direction 
mean 
NE 0.1c 0.02d 0.003e 0.04b 
N 0.15a 0.02d 0.003e 0.06a 
NW 0.11b 0.02d 0.003e 0.04b 
Height mean 0.12a 0.02b 0.003c  
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Fig. 4.9. Effect of VST height, direction of the wind and their interaction 
on rate of sand drift  at Baja sand sheet
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4.4 The impact of trap height on saltation 
 Results are shown in Tables 4.8 and 4.9 and Figs. 4.10 and4.11  
Table.4.8 and Fig.4.10 showed that the percentage of sand accumulation 
decreased with increasing sand trap height for all locations observed ( El 
Golied, El Baja and El Afad). This table also shows that most of the sand 
accumulation (nearly 80%) occurred within the depth (0–30cm) and then 
decreased with  height which accounted for less than 1% at last  3cm of trap 
height  57–60cm. Also, nearly more than 50% of accumulation occurred 
within 0– 15cm for all locations.  
Table. 4.9 and Fig.4.11show that the percentage of sand accumulation at El 
Baja location for three time periods 2, 15 and 30 days of April 2006 was 
also similar to all heights at the different locations, which indicated that 
saltating sand accumulation height remained constant regardless of the 
accumulation periods. In other words, more than 80% of moving saltating 
sand was concentrated within 0–30cm, irrespective of locations and time 
period differences. Similar results were reported by Zingg, (1953a) and 
Williams, (1964). 
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Table 4.8 Effect of vertical height on the  cumulative accumulation of saltating sands (grams) in  different locations for a 
period of 30 days 
El Golied  EL AFAD El Baja 
Accumulation of sand within 30 days Accumulation of sand within 30 days Accumulation of sand within 30 days 
May-2006 (from 2/5/06 to 3/6/06  May-2006 (from 2/5/06 to 3/6/06 Feb./2006 
 Trap 
height(cm) w. grams cumul.w %cumul. 
 Trap 
height(cm) w. grams cumul.w %cumul. 
 Trap 
height(cm) w.grams cumul.w %cumul. 
57-60 92 12670 100 57-60 54 6155 100 57-60 17.0 4484.5 100 
54-57 103 12578 99 54-57 30 6101 99 54-57 36.0 4467.5 100 
51-54 108 12475 98 51-54 42 6071 99 51-54 23.0 4431.5 99 
48-51 146 12367 98 48-51 61 6029 98 48-51 23.0 4408.5 98 
45-48 379 12221 96 45-48 345 5968 97 45-48 50.0 4385.5 98 
42-45 372 11842 93 42-45 80 5623 91 42-45 60.0 4335.5 97 
39-42 564 11470 91 39-42 62 5543 90 39-42 77.0 4275.5 95 
36-39 638 10906 86 36-39 288 5481 89 36-39 85.5 4198.5 94 
33-36 641 10268 81 33-36 288 5193 84 33-36 103.5 4113.0 92 
30-33 700 9627 76 30-33 56 4905 80 30-33 125.5 4009.5 89 
27-30 713 8927 70 27-30 340 4849 79 27-30 164.0 3884.0 87 
24-27 446 8214 65 24-27 318 4509 73 24-27 210.0 3720.0 83 
21-24 700 7768 61 21-24 351 4191 68 21-24 251.5 3510.0 78 
18-21 822 7068 56 18-21 483 3840 62 18-21 292.5 3258.5 73 
15-18 925 6246 49 15-18 446 3350 54 15-18 330.5 2966.0 66 
12-15 938 5321 42 12-15 348 2911 47 12-15 385.5 2635.5 59 
9-12 870 4383 35 9-12 414 2563 42 9-12 442.5 2250.0 50 
6-9 1181 3513 28 6-9 503 2149 35 6-9 414.0 1807.5 40 
3-6 1142 2332 18 3-6 699 1646 27 3-6 469.5 1393.5 31 
0-3 1190 1190 9 0-3 947 947 15 0-3 924.0 924.0 21 
 12670    6155    4484.5   
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Fig. 4.10a. Cumulitives accumulation of sand by saltation (CAS) 
as function of trap height for different locations 
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Fig. 4.10b. Cumulitives accumulation of sand by saltation (CAS) 
as function of trap height for different locations 
y = -0.0029x2 + 0.2967x + 0.5936
R2 = 0.9978
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Fig. 4.10c. Cumulitives accumulation of sand by saltation (CAS) 
as function of trap height for different locations 
y = -0.0016x2 + 0.1838x + 0.793
R2 = 0.9979
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
0 10 20 30 40 50 60 70
Height (cm)
Sa
lta
tio
n 
(k
g/
m
-w
) 
E l  ِ A fa d
   
115 
 
Table 4.9. Effect of vertical height on the cumulative accumulation of saltating sands (grams) for three periods in El Baja 
sand sheet 
EL BAJA EL BAJA EL BAJA 
Accumulation of sand within 30 days Accumulation of sand within 15 days Accumulation of sand within 2 days 
date Feb/2006 16/4/2006 18/04/2006 
VST (20parts)each 3cm height VST (20parts)each 3cm height VST (20parts)each 3cm height 
 Trap 
height(cm) w.grams cumul.w %cumul. 
 Trap 
height(cm) w.grams cumul.w %cumul. 
 Trap 
height(cm) w. grams cumul.w %cumul. 
57-60 42 8122 100 57-60 42 6614 100 57-60 98 10598 100 
54-57 9 8080 99 54-57 45 6572 99 54-57 104 10500 99 
51-54 56 8071 99 51-54 44 6527 99 51-54 98 10396 98 
48-51 21 8015 99 48-51 35 6483 98 48-51 88 10298 97 
45-48 131 7994 98 45-48 79 6448 97 45-48 160 10210 96 
42-45 41 7863 97 42-45 48 6369 96 42-45 210 10050 95 
39-42 208 7822 96 39-42 49 6321 96 39-42 140 9840 93 
36-39 264 7614 94 36-39 130 6272 95 36-39 225 9700 92 
33-36 168 7350 90 33-36 128 6142 93 33-36 325 9475 89 
30-33 437 7182 88 30-33 168 6014 91 30-33 400 9150 86 
27-30 500 6745 83 27-30 249 5846 88 27-30 440 8750 83 
24-27 516 6245 77 24-27 295 5597 85 24-27 560 8310 78 
21-24 645 5729 71 21-24 298 5302 80 21-24 660 7750 73 
18-21 614 5084 63 18-21 396 5004 76 18-21 730 7090 67 
15-18 560 4470 55 15-18 473 4608 70 15-18 810 6360 60 
12-15 560 3910 48 12-15 560 4135 63 12-15 960 5550 52 
9-12 650 3350 41 9-12 650 3575 54 9-12 1070 4590 43 
6-9 600 2700 33 6-9 825 2925 44 6-9 1250 3520 33 
3-6 1150 2100 26 3-6 1050 2100 32 3-6 1170 2270 21 
0-3 950 950 12 0-3 1050 1050 16 0-3 1100 1100 10 
 8122    6614    10598   
116 
 
Fig. 4.11a. Cumulitives accumulation of sand by saltation (CAS) 
as function of trap height for three periods in El Baja 
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Fig. 4.11b. Cumulitives accumulation of sand by saltation (CAS) 
as function of trap height for three periods in El Baja 
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Fig. 4.11c. Cumulitives accumulation of sand by saltation (CAS) 
as function of trap height for three periods in El Baja 
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 4.5. Grain size statistical and textural parameter of wind blown sand 
deposits in the study area 
Table 4.10 shows grain size statistical and textural parameter of wind blown 
sand deposits in the study area, and Table 4.11 gives the summary of these 
parameters. The results are expressed on median diameter (M50), graphic 
mean (Mz), inclusive graphic standard deviation (σ1) inclusive graphic 
skewness (sk) and inclusive graphic kurtosis (kg).  
4.5.1. Mean sand grain size (Mz) 
Grain size analysis showed that values of median (M50) and mean diameter 
(Mz) were very similar for each sample.  (Table 4.11 and 4.12). Samples of 
sand dune ranges from 0.20 to 0.42 mm) with average mean of 0.29mm; 
drifting sand sample for the right bank (Elkhowie) average mean is 
0.16mm; and drifting sand sample for left river sites (El Golied) 3 samples 
range from (0.21– 0.24mm) with average mean of 0.23mm, and (El Baja) 5 
samples range from (0.27– 0.40mm) with average mean of 0.35mm, and 
average mean for creeping sand of 0.85mm;  
The dominant mean grain sizes for dune sand samples are  medium  68%, 
fine 28%  and 4% course sand size.  
The dominant mean sand grain sizes for drifting sand samples at El Khowie 
were fine  size 57%, medium 33%,   and 10% silt.      
The grain size for drifting sand samples from El Golied, were 
approximately equal to 53% medium  and 47% fine. 
The dominant mean grain sizes for drifting sand samples for El Baja were  
medium  67%, fine 20%  and 13% for course sand size.      
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The dominant mean sand grain sizes for sand samples at soil depths 120cm 
and 190cm from soil surface at El khowie were  medium  68%, 17% course, 
12% fine sand and 3% fine gravel. 
The dominant mean sand grain sizes for creeping sand samples  were  
course  71%, 23%  medium, 4% fine sand  and 2% fine gravels. 
On the basis of grain size it is possible to differentiate between sand     plain 
(El Baja) and the dune field of ElKhowie and the drifting sand. Samples 
collected from sandy plains showed values of (Mz) greater than that of dune 
sand samples. Mz being 0.35mm for sand plains and 0.29mm for dunes 
samples.  
Data collected on grain size from Baja sand plain and  from the depth of 
120 and 190 from the soil surface at ElKhowie are similar indicating the 
existence as a relict feature representing remnants of  aeolian activities, over 
which Al Khowie alluvial materials were deposited. This might indicate 
past aridity during  paleo-climates periods.   
4.5.2. Inclusive standard deviation (σ1) 
Standard deviation (σ1) is a measure of the spread about the mean, or 
sorting. Inclusive standard deviation (σ1) of 11 dune samples and 11 drifting 
sand samples range from 0.19mm to 0.48mm with average mean of 
0.25mm. Data showed sorting values  for sands are very well sorted. Table 
2.3. Also, there is a good correlation between (σ1) and (Mz) where inclusive 
standard deviation decreased when mean diameter increased. Similar result 
were reported by Bonifica (1986).  
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4.5.3. Inclusive graphic kurtosis (kg) 
Graphic kurtosis of 11 dune samples and 11 drifting sand samples  range 
from 0.66mm to 2.98mm with mean average of 1.08 mm. Table 2.3  
Inclusive graphic Kurtosis values (0.9–1.11) show mesokurtic distribution 
(Fig. 2.15) meaning that most of the sand samples are closely reassembly a 
normal frequency distribution.  
4.5.4. Inclusive graphic skewness (sk) 
Inclusive graphic skewness (sk); means the asymmetry of the distribution. 
Values of inclusive graphic skewness for sand dune samples in the study 
area ranges from 0.03 mm to 0.48 mm with an average of 0.13 mm, for 
drifting sand ranging from – 0.11mm to 0.52 mm, with an average of 0.264 
mm. 
Data obtained showed that the majority of samples are positively skewed, 
although  about 19% of samples are negatively skewed; all negative values 
were found at the right bank of the River Nile. 
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Table 4.10 Grain size statistical and textural parameters of sand blown  
deposits in the study area. 
Sample 
NO. 
M50 Mz (σ1) Sk Kg z Fs Ms Cs Fg  
Dune N0.-1 El Khowie UTM (E-0237304/N-2098918) 
SS-52 0.20 0.20 0.26 0.48 0.84 00 47 45 08 00  
SS-53 0.40 0.42 0.35 0.22 0.66 00 04 80 16 00  
SS-54 0.27 0.28 0.25 0.17 0.96 00 35 60 05 00  
SS-55 0.28 0.28 0.22 -0.03 0.90 00 30 70 0.0 00  
SS-56 0.28 0.29 0.25 0.16 1.10 00 30 67 03 00  
SS-57 0.20 0.22 0.19 0.24 0.77 00 45 55 00 00  
Dune N0.-2 El Khowie UTM (E-0236134/N-2092198) 
SS-58 0.21 0.24 0.21 0.28 0.89 00 40 58 02 00  
SS-59 0.31 0.33 0.28 0.09 0.76 00 30 60 10 00  
SS-60 0.25 0.25 0.20 -0.06 0.87 00 35 65 00 00  
SS-61 0.30 0.30 0.23 -0.13 1.30 00 15 85 00 00  
SS-62 0.33 0.33 0.26 0.02 0.93 00 05 95 00 00  
Sand drift samples 
SS-70 0.17 0.16 0.13 -0.15 1,76 05 70 25 00 00 El Khowie sd 
SS-71 0.18 0.16 0.13 -0.11 1.09 15 45 40 00 00 El Khowie sd 
SS-72 0.21 0.24 0.21 0.33 0.94 00 55 45 00 00 El Afad sd 
SS-63 0.20 0.23 0.19 0.33 0.84 00 50 50 00 00 El Golied sd 
SS-64 0.23 0.24 0.20 0.07 0.82 00 40 60 00 00 El Golied sd 
SS-68 0.19 0.21 0.18 0.31 1.21 00 50 50 00 00 El Golied sd 
SS-65 0.30 0.34 0.32 037 1.15 00 25 60 15 00 El Baja  sd 
SS-66 0.30 0.34 0.30 0.33 0.98 00 25 62 13 00 El Baja  sd 
SS-73 0.34 0.39 0.33 0.20 0.84 00 10 75 15 00 El Baja  sd 
SS-76 0.38 0.40 0.25 0.12 0.56 00 8 76 16 00 El Baja  sd 
SS-77 0.22 0.27 0.26 0.51 2.98 00 30 65 05 00 El Baja  sd 
SS-74 0.85 0.92 0.78 0.20 0.99 00 00 24 72 4 Creeping -s 
SS-75 0.80 0.77 0.44 0.01 1.17 00 08 22 70 00 Creeping -s 
SS-67 0.40 0.42 0.37 0.26 0.98 00 05 77 18 00 ***-1 
SS-69 0.40 0.46 0.48 0.38 1.76 00 20 60 15 05 ***-2 
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Table 4.11 Summary of statistical analysis of grain sizes and textural  
parameters of sand blown and sand  deposits in the study area 
 Statistical parameters  * Grain size  ** 
Sample N0. M50 Mz (σ1) Sk Kg Z Fs Ms Cs Fg 
Dune-1&2 0.28 0.29 0.24 0.13 0.91 0 28 68 4 0 
Khowie- SD 0.18 0.16 0.13 -0.13 1.4 10 57 33 0 0 
Golied-SD 0.21 0.23 0.19 0.24 0.96 0 47 53 0 0 
Baja-SD 0.31 0.35 0.29 0.31 1.3 0 20 67 13 0 
***-1&2 0.40 0.44 0.43 0.32 1.32 0 12 68 17 3 
Creeping-S 0.83 0.85 0.61 0.11 1.08 0 4 23 71 2 
* 
M50; Median diameter equal 50 percentile (mm) 
Mz ; The graphic mean 
(σ1) ; Inclusive graphic standard deviation 
Sk ; Inclusive graphic skewness 
Kg ; Inclusive graphic kurtosis 
** 
1- ***-1;   sand at depth 120 cm from soil surface at El Khowie 
2-  ***-2;  sand at depth 190 cm from soil surface at El Khowie 
3-     silt ; (z) fine silt (0.002-0.006mm), medium silt (0.006-0.02mm), 
course silt (0.02-0.06mm),   
4- Sand; Fs=fine sand (0.06-0.2mm) Ms=medium sand(0.2-0.6mm), Cs= 
course sand (0.6-2mm),   
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5- Gravel, Fg= fine gravel (2-6mm),Mg=medium gravel (6-10mm) Cg 
course gravel =(10-100mm),  
6- SD,  sand drift.  
4.6. The rate of sand movement as predicted by various equations and 
measured by sand traps for El Baja and El Khowie  
The measured sand movement in El Baja was 0.065 g/cm/s using 
VST(appendix.19) whereas the measured sand movement at El Khowie was 
0.06 g/cm /s by horizontal sand trap,(appendix.21).  
The rate of sand movement as predicted by various equations  is shown in 
Table 4.12. the results reveals that; 
Comparisons between predicted sand transport rates and those measured in 
the field have shown only moderately agreement 
The predicted rates calculated using the Bagnold (1941),Kawamura (1964) 
and Lettau and Lettau (1978),equations were an order of magnitude higher 
than those measured in the field. 
The Hsu (1974) equation give  a closer results as compare to others. 
Differences between observed and predicted sand transport rate can be 
accounted for several different factors. Sand transport is difficult to measure 
accurately  in the field, since all sand trap designs have an effect on the 
wind flow around them. The fact that  all expressions are based on 
numerical or wind tunnel experimental observations with homogeneous 
sediment beds. No allowance was made for complexities arising from 
variations in terrain, vegetation, moisture level or turbulence.  
Unfortunately, accurate data on rate of transport  are very difficult to obtain.    
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Table. 4.12.  The rate of sand movement  (qs) as predicted by various 
equations and measured by sand trap. 
(qs) predicted for Ū =8.3 m/s El Baja sand sheet and equations used  
Bagnold (1941) Zingg 
(1953) 
Kawamura 
(1964) 
Lettau and Lettau 
(1978) 
Hsu  
(1974) 
0.134 0.067 0.1595 0.1013 0.0663 
(qs) measured 0.065 g/cm/s 
(qs) predicted for Ū =8.36 m/s El Khowie dune and  equations used 
Bagnold (1941) Zingg 
(1953) 
Kawamura 
(1964) 
Lettau and Lettau 
(1978) 
Hsu  
(1974) 
0.089 0.037 0.193 0.111 0.068 
(qs) measured 0.06 g/cm/s 
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4.7.  Measurements of threshold velocity 
Tables. 4.13 and 4.14  show field measurements of wind velocity  at two 
height namely 0.15 m and 1 m above the soil surface  by pocket 
anemometer (Kerstal -1000),  at El Baja sand sheet. During April /2006  It 
was observed that the average mean velocity of 5.6 m/s  indicated sand 
movement and thus it was considered threshold velocity, whereas  velocity  
of 5.4 m/s did cause sand movement.  
 
Table. 4.13. Temporal variation of wind velocity at two different heights at 
El Baja sand sheet date,( 7/4/2006).  
Height (m) 
Time 
0.15 1 
12 00 Average m/s Maximum m/s Average m/s Maximum m/s 
12 :15 5.8 9.3 7.2 10.5 
12 :30 5.9 8.4 6.7 9.7 
1 :00 5.1 8.8 5.9 9.9 
mean 5.6 8.8 6.6 10 
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Table. 4.14.  Temporal variation of wind velocity at two different heights at 
El Baja sand sheet date (18/4/2006) 
Height (m) Time 
0.15  1 
9 :45 Average m/s Maximum m/s Average m/s Maximum m/s 
9 :55 5.6 8.4 6.5 9.3 
10 :10 5.5 7.4 6.3 9.2 
10 :45 5.1 7.5 5.8 8.5 
mean 5.4 7.8 6.2 9 
 
 
4.8. Sand blown analysis of the study area. 
Table. 4.15 show the measurements values of  some physical and chemical 
properties of wind blown sand deposits.  Results revealed that : 
Sand samples of the study area have alkaline reactions and the dominant  
grain size of sand samples are medium and fine sand. The blown sand 
samples are considered  one of the most effective processes of transporting 
salt down wind causing  salinization which is considered desertification 
process. Al Khowie drifting sands has EC values 2 to 2.3 dS/m and Al Baja 
and Al Golied drifting sands have value of 0.95 dS/m.   
126 
 
Table. 4.15. The values of measurements of some physical and chemical properties of the wind deposited sand of  study area. 
pH Mechanical analysis Sample 
No. 
Aug. No Depth EC SAR 
1 : 5 paste Cl Sl CS MS FS V.F.S 
461 0 – 15 1.15 2 8.4 7.8 2 18 1 12 48 19 
462 15 – 30 0.84 2 8.7 8.1 1 9 1 28 55 6 
463 30 – 45 0.82 1 8.6 8.2 1 5 1 43 47 3 
464 
V
ER
TIC
A
L  
SA
N
D
 TR
A
P 20 
C
H
A
M
B
ER
S 
45 - 60 1.00 1 8.7 8.1 1 6 1 50 39 3 
465 El Zooma sand drift 0.29 1 8.2 8.0 3 1 1 31 55 9 
466 El  Afad  sand drift 0.71 1 8.3 8.1 1 15 1 10 61 12 
467 El Golied sand drift 0.96 2 8.3 7.7 0 34 3 13 32 18 
468 El Khowie sand drift 1.58 5 8.6 8.0 3 17 1 8 49 22 
469 El Khowie sand drift 2.88 7 8.8 8.0 8 42 1 4 15 30 
470 Creeping sand 0.53 1 8.1 7.9 1 3 33 43 16 4 
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4.9. Rate of dune advance  
Barchan dune at El Khowie, GPS coordinate ( E-0236118 and N-2092166),  
had an area of 4.7 ha and slip face height 33 m, length 126 m, width 240 m 
and circumference 1400 m. These dimensions were used for measuring the 
dune movements during November 2005 to August 2007, covering 21 
month. (about 634 days). 
4.9.1. Rate of dune advance  by ground control  
Table (4.16) shows that dune movement has regularly occurred during the  
634 days and covered an extent of  11.16 m, at a rate of 0.0176 m/day 
equivalent to 6.4 m/year.  
4.9.1.1. Mode of movement 
The slip face and brink have been surveyed during monitoring periods 
(Table 4.16). The rate of advance was found to be more or less uniform in 
front of the slip face while it was erratic at horns. The continuous change in 
the horn shape may give false feeling that horn retreated, and the net  is 
forward irregular movement.   
4.9.1.2. Erosion and deposition on the dune: 
Tables (4.17 and 4.18) shows  that erosion took place mainly at the 
windward hump of the dunes and the two horns mainly (west and east).The 
west horn  was affected by erosion more than the east horn. Note the width 
of two horns from W–E direction, (Fig.(3.8) Table 4.18 showed maximum 
width at west horn of  18m while east horn of  39.5m.  
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Table. 4.16. Rate and mode of south advance of slipface (m) as surveyed in 
El Khowie  south of El  Seliem basin, GPS coordinate ( E-0236118 and N-
2092166),   
Start date Period days South advance of 
slipface (m) 
West horn (m) East horn (m) 
8/11/2005 ………… ……………….. ……….. ………………….. 
8/11/05 - 
2/1/06 
55 0.96 0.98 NR 
2/1/2006 87 2.01 NR NR 
3/2/2006 114 2.61 NR NR 
2/3/2006 147 3.56 5.6 NR 
4/4/2006 175 4.01 7 2.2 
2/5/2006 207 4.86 7.8 7.2 
3/6/2006 236 5.01 8.4 6.8 
2/7/2006 275 5.01 9.9 5.7 
10/8/2006 305 5.36 6.6 8.3 
9/9/2006 459 7.26 13.4 10 
10/2/2007 484 8.26 12.3 8.7 
10/3/2007 No data 8.26 NR NR 
7/4/2007 544 9.96 Peg disappear 12.2 
9/5/2007 570 10.76 11.6 13.3 
4/6/2007 599 10.96 14.6 12.5 
3/7/2007 634 11.16 12.6 12.3 
129 
 
 
Table 4.17 Conventions for measuring width and length of the barchan dune 
Date Width (w) Length (L)  
29/9/2004 252 105 
3/6/2006 200 - 
10/8/2006 - 142 
4/8/2007 262 114 
 
Table 4.18  Measurements of  width West and East horn  of barchan dune at 
Al Khowie  
Date West horn flatten (m) East horn flatten (m) 
2/5/2006 - 20 
10/8/2006 13.2 39.5 
10/2/2007  33.5 
10/3/2007 13.5 33.0 
9/5/2007 Steel peg disappear 35.5 
4/6/2007 18 34.7 
3/7/2007 17.8 wind direct =2700 35.3 
7/8/2007 21 32.5 
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4.9.2.Rate of dune advance by Garmin 12GPS 
Table 4.19 shows the readings of GPS at first and last readings  and the 
difference between N-coordinate at first reading and N– coordinate at last 
reading. 2092166 and 2092155. 
= 11m  for 634 days 
= 0.0174 m/ day  
= 6.3m/year 
Dividing the GPS reading by ground control method resulted in 98 
%,indicating that the GPS is easier in measuring dune advance.  The ground 
control method is a tedious and time consuming undertaking.  
  
Table 4.19 Coordinates of GPS reading at base of slip face for 634 days 
Date E- coordinate (m) N- coordinate (m) 
First reading 8/11/2005 0236118 2092166 
Second reading 7/8/2007 0236118 2092155 
 
4.9.3. Rate of dune advance by remote sensing 
Dune movements over a period of 39 years has been measured by 
comparing 1961 aerial photographs (Fig.3.15) and 2000 aerial photographs 
(Fig.3.14) which showed advancement rate between 6 m/yr and 23 m/yr; 6 
m/yr for large, dune and, 23 m/yr for small one.  
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4.10. Mapping and assessment  of wind erosion hazard in the study 
area using remote sensing techniques.   
Mapping the severity of the wind blown sands and its spatial distribution  
in the study area, is mainly based upon, analysis, deduction, and 
interpretation of  high resolution Enhanced Thematic Mapper ETM landsat 
imageries  Figures (3.11, 3.12 &3.13). Multitemporal aerial photographs 
dating 1961and 2000, integrated with Geographic Information System 
(GIS), field data collections, and data on sand drift rates Table 4.20) were 
used to construct the severity of wind blown sand and  spatial distribution 
map (Fig 4.12) Criteria for mapping and assessment of wind blowing sand 
in the study area made use of  the following data;  
Sand drift rate (m3/m-w/yr.) Table (4.20), terrain types, direction of 
prevailing wind, direction of dunes movement, sources supplying sands, 
and vegetation cover. Except for intensively cultivated narrow belts on both 
sides of the Nile ,most of the study area was characterized  by dry climate, 
poor vegetation cover, strong wind, and abundant loose sand facilitating  
wind erosion by both  drifting sands and deposition of the sand grains.  
The result revealed that: 
1-The geomorphic features in the study area are, sand dune(erg), sand sheet, 
gravelly lag (reg),and sandstone ridge (which covers most of the study area) 
as  important source of the sand. 
2- Analysis of ETM image yielded valuable information on distribution of 
terrain types in the study area. The study area is zoned with areas  of 
deflation, transport, and deposition from north to south (Fig.4.12). Nubian 
desert and western desert lay upwind coinciding with the direction of 
prevailing northerly wind  of the study area that act as deflation and 
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transportation zones carrying considerable amount of drifting sands to the 
deposition zone at El Khowie and Seliem dune field (A) at the right side of 
the River Nile and south west El Ghaba(B) and El Bab dune(C) field at the 
left side of the River Nile. Therefore erg terrain acts as a great sand attractor 
forming dune field while reg and sand sheets enhance the transporting 
capacity of wind act as transport zone. 
3-Chronological interpretation comparing the 2000 ETM (Fig.3.12) image 
with old aerial photograph dating (1961), Fig.3.15. also orthophotos dating 
(2000). Fig.3.14. showed that dunes appeared to retain both their shape 
,size, and identity within the last 39 years.   
4-Dune alignment could be clearly traced running NNE to SSW Figures 
3.12 and 3.13).         
5- Multitemporal  aerial photos revealed considerable displacement of 
dunes of  6-23 m/year depending on the dimension of sand bodies (dune 
volumes).  
6- Rate of sand drift.  Two rate classes  of sand drift were used for mapping 
purposes outlined by FAO/UNEP (1984).Shows three classes as the 
follows, slight   5, moderate 5-10, and severe 10-20.  
According to criteria for assessing wind erosion of FAO/UNEP (1984), 
only two classes were identified.   
a- Very severe (high drift rate of flow (16-17 m3/m-w/yr.) at the right side 
of river 
b- Severe- (slightly to moderate rate of flow (3-5 m3/m-w/yr.) at the left 
side of the river 
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Table 4.20 Summary of data appendix Tables (1,2,3,4,5,6,7,and 8 )  
   Coordinate (UTM-36Q) cubic meter per meter width (m3/m-w)  
Pit No. location terrain type Easting Northing start date end date ** 1 2 3 4 5 6 
Right river bank m3/m-w/d m3/m-w/yr. m3/m-w/yr. m3/m-w/yr. m3/m-w/yr. % 
Pt-112 ElKhowie Erg O237107 2090079 18/03/2005 07/08/2007 871 0.0477 17.4 16.61 18.94 
Pt-141 ElKhowie Erg O237390 2092343 18/03/2005 07/08/2007 871 0.0431 15.7 16.63 15.81 
16.7 12 
Left river bank 
Pt-63 Golied plain Reg O228230 2068292 22/02/2005 08/08/2007 885 0.0112 4.1 3.79 4.21 
Pt-64 Golied plain Reg O223900 2068292 22/02/2005 08/08/2007 885 0.0116 4.2 4.47 3.47 
Pt-97 Golied plain Reg O226711 2053202 22/02/2005 08/08/2007 885 0.0124 4.53 4.12 4.61 
pt-96 Golied plain Reg O232218 2051127 22/02/2005 08/08/2007 885 0.0104 3.79 2.47 3.95 
4.2 
Baja-1 Wadi howar Sand sheet O256931 2016741 01/09/2005 08/08/2007 709 0.001 3.65 no. data 2.82 
Baja-2 Wadi howar Sand sheet O257011 2016811 09/11/2005 08/08/2007 639 0.001 3.65 no. data 2.81 
3.6 
38 
Notes Erg=vast region covered with sand and occupied by dunes 
Reg=usually small  rounded pebbles tightly packed together on desert surface 
**=total numbers of observations days 
1=cubic meter per meter width per day 
2=cubic meter per meter width per year 
3=cubic meter per meter width season (2005/2006) 
4=cubic meter per meter width season (2006/2007) 
5=average mean m3/m-w/yr. calculated form the experiment days 
6=Average mean drifting sand coming from (S,SW&W) directions equal 12% for right bank site and 38% for Left bank site 
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. 
Fig. 4.12 Wind erosion severity map 
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CHAPTER FIVE 
CONCLUSIONS AND RECOMMENDATIONS 
5.1. Conclusions 
Wind erosion is an old phenomenon which has influenced human 
civilization throughout history. The progress of  desertification can only be 
determined through a continuous observation of changes that took place in a 
specific region. In order to obtain reliable and fast information enabling us 
to follow the changes continuously, ground observations, aerial photographs 
and satellite imageries are prerequisites. 
• Modern space technology, direct field measurements of the rates of 
sand transport (wind driven sand) and dune migration,  provides an 
excellent tool for mapping and assessment of wind blown sands 
severity and its spatial distribution.  
• The interpretation of remote sensing imageries revealed that the study 
area consists of dunes interdunes sand sheets and gravel lag (reg) 
terrains.  
• Sand sheet and reg resist wind erosion because of the wide spread 
occurrence of protective layer of course sand grains and gravels.  
• The landscape of the study area is zoned with areas of deflation, 
transport and deposition from North to South.  
• The rate of sand drift was measured using horizontal and vertical 
sand traps. Rates of drift varied widely from site to site for a given 
period. Generally they were dependent upon wind energy, but at 
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some sites the  terrain types have greatest control. Rate of drifting 
sands ranged from 3.5 to 17m3/m-w/yr.    
•  Rates of drift west of El Baja and El Golied plain where less due to 
blocking of moving sands coming from El Khowie dune field 
crossing the Nile coarse.  
• The higher rate of sand drift at El Baja and El Golied occur during 
Khareef months (July and August). Because these sites are close to 
the dune field of south west El Ghaba and El Bab which are situated 
to the west of the location sites. Therefore care should be taken for 
controlling moving sand and migrating desert dune.  
 
5.2. Recommendations 
Realizing the magnitude  and dimensions of wind erosion   in the Northern 
State of Sudan and to embark relevant criteria for setting up combating 
programmers, some recommendations merit earmarking:-  
• There is a pressing need  for installing new meteorological stations 
in representing sites based on climatic zones. 
• Use of remote sensing techniques for monitor temporal and spatial 
changes occurring in the study area, based on periodical data  for 
future comparison studies aiming at quantifying changes. 
• Identifying hot spots within the severely desertified zones for 
research.  
• Creating quantitative information that would furnish data base. 
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• Use of the proper mathematical models to predict the future 
morphological changes that might change the current configuration 
of the River Nile system. 
• Indicate methods for controlling sand drift, sand dune fixation and 
mitigating its negative impacts can be developed.  
• Adhering and adopting rural participatory approach seeking input 
from local facilitators since they are the actual beneficiaries  of the 
Scio-economic return from implementing desertification control 
programmers. 
• Use GPS as a tool for measuring dune advance is highly 
recommended, since it proved to be reliable in forms of space, time 
available and easy in handling.  
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Table  1  Sand drift rates observed during the study 
Adjusted average 30-day drift rate m3/m-w 
site Pt (97) start date 22/2/2005 
Golied plain UTM E0225710/N2053202 
rectangular Pt2m width in relation to prevailing wind 
 volume 
sand 
drift 
sand 
drift acum.sand 
 date month M3 M3/M-W VU 
elapsed 
day M3/M-W  
 22/02/2005 0 0 0 0 0 0  
 30/03/2005 March 0.23 0.11 1.5 36 0.11  
Season (2005/2006) 
 01/05/2005 April 1.62 0.73 10.4 67 0.84  
 03/06/2005 May 0.32 0.15 2.1 100 0.99  
 03/07/2005 June 0.133 0.06 2.4 130 1.05  
 31/07/2005 July 1.03 0.47 6.7 158 1.52  
 01/09/2005 August 3.04 1.38 19.8 190 2.90  
 02/10/2005 September 0.71 0.32 4.6 222 3.22  
 07/11/2005 October 0.38 0.17 2.5 258 3.39  
 02/12/2005 November 0.01 0.01 0.1 283 3.40  
 03/01/2005 December 0.04 0.03 0.4 315 3.43  
 04/02/2006 January 0.07 0.04 0.6 347 3.47  
 03/03/2006 February 0.44 0.24 3.5 364 3.71  
 03/04/2006 March 1.15 0.52 7.5 395 4.23  
4.12 m3/m-w/yr.(2005/2006) 
 03/05/2006 April 0.31 0.14 2.0 425 4.37  
 02/06/2006 May 1.59 0.72 10.3 455 5.09  
 03/07/2006 June 0.63 0.29 4.1 486 5.38  
 11/08/2006 July 0.04 0.02 0.3 525 5.4  
 10/09/2006 August 2.66 1.21 17.3 555 6.61  
 08/02/2007 *** 2.73 1.24 17.7 705 7.85  
 09/03/2007 February 1.42 0.59 8.4 734 8.44  
 06/04/2007 March 0.96 0.4 5.7 760 8.84  
4.61 m3/m-w yr.(2006/2007) 
 07/05/2007 April 0.83 0.35 5.0 793 9.19  
 05/06/2007 May 1.19 0.5 7.1 822 9.69  
 04/07/2007 June 0.38 0.16 2.3 851 9.85  
 08/08/2007 July 2.72 1.13 16.1 885 10.98  
    10.98 158.62    
sand drift rate for 885 days=10.98m3/m-w=0.01241m3/m-w/d=4.53m3/m-w/yr. 
***=five months reading from 10/9/2006 to 9/2/2007 
M3/m-w= cubic meter per meter width 
M3/m-w/d=cubic meter per meter width per day 
M3/m-w/yr.=cubic meter per meter width per year 
vu=vector unit =.07 m3 
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Table  2  Sand drift rates observed during the study 
Adjusted average 30-day drift rate m3/m-w 
Site Pt (96) start date 22/2/2005 
Golied plain UTM E0232218/N2051127 
rectangular Pt2m width in relation to prevailing wind 
volume sand drift sand drift acum.sand 
date month M3 M3/M-W UV elapsed day M3/M-W  
22/02/2005 0 0 0 0 0 0  
30/03/2005 March 0.22 0.1 1.5 36 0.1  
Season (2005/2006) 
01/05/2005 April 0.7 0.33 4.8 67 0.43  
03/06/2005 May 0.17 0.08 1.2 100 0.51  
03/07/2005 June 0.19 0.09 1.29 130 0.6  
31/07/2005 July 0.15 0.07 1 158 0.67  
01/09/2005 August 1.75 0.84 12 190 1.51  
02/10/2005 September 0.67 0.32 4.6 222 1.83  
07/11/2005 October 0.26 0.13 1.8 258 1.96  
02/12/2005 November 0.01 0.01 0.1 283 1.97  
03/01/2005 December 0.03 0.01 0.2 315 1.98  
04/02/2006 January 0.09 0.04 0.6 347 2.02  
03/03/2006 February 0.36 0.18 2.6 364 2.2  
03/04/2006 March 0.71 0.36 5.1 395 2.56  
2.46  m3 /m-w/yr.(2005/2006) 
03/05/2006 April 0.16 0.08 1.1 425 2.64  
02/06/2006 May 0.89 0.41 5.8 455 3.05  
03/07/2006 June 0.35 0.18 2.5 486 3.23  
11/08/2006 July 0.04 0.02 0.3 525 3.25  
10/09/2006 August 1.52 0.76 10.9 555 4.01  
08/02/2007 *** 1.94 0.97 14 705 4.98  
09/03/2007 February 2.18 0.87 12.4 734 5.85  
06/04/2007 March 1.64 0.66 9.4 761 6.51  
3.95 m3/m-w/yr.(2006/2007) 
07/05/2007 April 1.45 0.58 8.3 792 7.09  
05/06/2007 May 2.07 0.83 11.9 821 7.92  
04/07/2007 June 0.92 0.37 5.3 850 8.29  
08/08/2007 July 2.2 0.88 12.6 885 9.17  
   9.17 131.3    
Sand drift for 885days =9.17 m3/m-w=0.01036 m3/m-w/d=3.78 m3/m-w/yr. 
***= five months reading from 10/9/2006 to 9/2/2007 
M3/m3-w= cubic meter per meter width 
M3/m-w/d=cubic meter per meter width per day 
M3/m-w/yr.=cubic meter per meter width per year 
vu=vector unit=.07 m3 
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Table  3  Sand drift rates observed during the study 
Adjusted average 30-day drift rate m3/m-w 
Site Pt (64)start date 22/2/2005 
Golied plain UTM E0223900/N2068393 
rectangular Pt 2.5  m in relation to prevailing wind 
volume sand drift sand drift acum.sand 
date month M3 M3/M-W UV elapsed day 
M3/M-
W  
22/02/2005 0 0 0 0 0 0.00  
30/03/2005 March 0.67 0.32 4.6 36 0.32  
Season (2005/2006) 
01/05/2005 April 1.89 0.90 12.9 67 1.22  
03/06/2005 May 0.59 0.3 4.0 100 1.50  
03/07/2005 June 0.54 0.26 3.7 130 1.75  
31/07/2005 July 0.91 0.43 6.1 158 2.19  
01/09/2005 August 2.23 1.06 15.1 190 3.25  
02/10/2005 September 1.09 0.52 7.4 222 3.77  
07/11/2005 October 0.47 0.22 3.1 258 3.99  
02/12/2005 November 0.01 0.01 0.1 283 4.00  
03/01/2005 December 0.07 0.03 0.4 315 4.03  
04/02/2006 January 0.17 0.08 1.1 347 4.11  
03/03/2006 February 0.42 0.20 2.9 364 4.31  
03/04/2006 March 1.01 0.48 6.9 395 4.79  
4.47 m3/m-w/yr.(2005/2006) 
03/05/2006 April 0.29 0.14 2.0 425 4.93  
02/06/2006 May 1.25 0.59 8.4 455 5.52  
03/07/2007 June 0.41 0.19 2.7 486 5.71  
11/08/2006 July 0.05 0.02 0.3 525 5.73  
10/09/2006 August 1.58 0.75 10.7 555 6.48  
08/02/2007 *** 1.79 0.82 11.7 705 7.30  
09/03/2007 February 0.82 0.37 5.3 734 7.67  
06/04/2007 March 1.52 0.59 8.4 760 8.26  
3.47 m3/m-w/yr.(2006/2007) 
07/05/2007 April 1 0.38 5.4 793 8.64  
05/06/2007 May 1.38 0.52 7.4 822 9.16  
04/07/2007 June 0.56 0.22 3.1 851 9.38  
08/08/2007 July 1.38 0.89 12.7 885 10.27  
   10.27 146.7    
sand drift for 885 days=10.27 m3/m-w=0.01161 m3/m-w/d=4.2 m3/m-w/yr. 
***= five months reading from 10/9/2006 to 9/2/2007 
M3/m-w= cubic meter per meter width 
M3/m-w/d=cubic meter per meter width per day 
M3/m-w/yr.=cubic meter per meter width per year 
vu=vector unit =.07 m3 
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Table  4  Sand drift rates observed during the study 
Adjusted average 30-day drift rate m3/m-w 
Site Pt (63) start date 22/2/2005 
Golied plain UTM E0228230/N2068292 
rectangular Pt 3m width in relation to prevailing wind 
date month volume sand drift sand drift 
elapsed 
day acum.sand 
  M3 M3/M-W UV  M3/M-W  
22/02/2005 0 0 0 0 0 0.00  
30/03/2005 March 1.40 0.48 6.9 36 0.48  
Season (2005/2006) 
01/05/2005 April 1.72 0.57 8.2 67 1.05  
03/06/2005 May 0.86 0.29 4.1 100 1.34  
03/07/2005 June 0.72 0.24 3.4 130 1.58  
31/07/2005 July 0.83 0.28 3.9 158 1.86  
01/09/2005 August 2.92 0.97 13.9 190 2.83  
02/10/2005 September 1.28 0.43 6.1 222 3.26  
07/11/2005 October 0.52 0.24 3.4 258 3.49  
02/12/2005 November 0.04 0.01 0.1 283 3.50  
03/01/2006 December 0.08 0.03 0.4 315 3.53  
04/02/2006 January 0.15 0.05 0.7 347 3.58  
03/03/2006 February 0.62 0.21 3.0 364 3.79  
03/04/2006 March 1.42 0.47 6.7 395 4.26  
3.78 m3/m-w/yr. (2005/2006) 
03/05/2006 April 0.48 0.22 3.1 425 4.48  
02/06/2006 May 1.81 0.60 8.6 455 5.08  
03/07/2006 June 0.52 0.17 2.4 486 5.25  
11/08/2006 July 0.04 0.01 0.1 525 5.26  
10/09/2006 August 3.00 1.00 14.3 555 6.26  
09/02/2007 *** 3.24 1.08 15.4 705 7.34  
09/03/2007 February 1.74 0.58 8.3 734 7.92  
06/04/2007 March 1.66 0.55 7.9 760 8.47  
4.21 m3/m-w/yr.(2006/2007) 
08/05/2007 April 1.16 0.39 5.6 793 8.86  
05/06/2007 May 1.28 0.43 6.1 822 9.29  
04/07/2007 June 0.38 0.13 1.9 851 9.42  
08/08/2007 July 1.2 0.4 5.7 885 9.82  
   9.82 140.3    
sand drift for 885 days =9.82 m3/m-w=0.01110 m3/m-w/d=4.1 m3/m-w/yr. 
*** five months reading from 10/9/2006 to 9/2/2007 
M3/m-w= cubic meter per meter width 
M3/m-w/d=cubic meter per meter width per day 
M3/m-w/yr.=cubic meter per meter width per year 
vu=vector unit=.07 m3 
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Table  5  Sand drift rates observed during the study  
 
Adjusted average 30-day drift rate M3/M-W 
site Baja (1) starting date 1/9/2005 
UTM =E 0256931/N 2016741 
Topography :flat (Wadi Hawar floor deep sand sea) 
circle Pt diameter=2 m in relation to prevailing wind 
Date Month Volume drift sand sand drift 
elapsed 
day acum.sand 
  M3 M3/M-W UV  M3/M-W 
01/09/2005  0 0 0 0 0 
02/10/2005 Sept. 0.23 0.12 1.65 31 0.12 
09/11/2005 Oct. 0.03 0.02 0.24 69 0.14 
04/12/2005 Nov. 0.03 0.02 0.24 94 0.16 
03/01/2005 Dec. 0.03 0.02 0.24 124 0.18 
04/02/2006 Jan, 0.03 0.02 0.24 156 0.2 
03/03/2006 Feb. 0.59 0.3 4.24 183 0.5 
03/04/2006 Mar. 1.78 0.89 12.73 214 1.39 
Season (2006/2007) 
01/05/2006 Apr. 0.5 0.25 3.56 246 1.64 
01/06/2006 May 0.76 0.38 5.43 276 2.02 
03/07/2006 June 0.2 0.1 1.41 308 2.12 
09/08/2006 July 0.1 0.05 0.71 345 2.17 
12/09/2006 Aug. 1.75 0.87 12.43 379 3.04 
09/02/2007 *** 1.25 0.63 9 529 3.67 
08/03/2007 Feb. 1.39 0.66 9.43 556 4.33 
05/04/2007 Mar. 0.73 0.35 5 584 4.68 
3.29  m3 /m-w yr.(2006/2007) 
10/05/2007 Apr. 0.83 0.39 5.57 619 5.07 
05/06/2007 May 0.84 0.39 5.57 645 5.46 
07/07/2007 Jun. 0.96 0.46 6.57 674 5.92 
08/08/2007 July 2.11 1.01 14.43 709 6.93 
  14.15 6.93 99   
sand drift for 709 days =6.93 m3/m-w =0.00098 m3/m-w/d=3.57 m3/m/yr. 
*** five months reading from 10/9/2006 to 9/2/2007 
M3/m-w= cubic meter per meter width 
M3/m-w/d=cubic meter per meter width per day 
M3/m-w/yr.=cubic meter per meter width per year 
vu=vector unit=.07 m3 
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Table  6  Sand drift  rates observed during the study 
Adjusted average 30-day drift rate m3/m-w 
site Baja(2) starting date 9/11/2005 
UTM = Easting /Northing (0257011  /  2016811) 
Topography :flat (Wadi Hawar floor deep sand sea) 
circle Pt diameter=2.2m in relation to prevailing wind 
Volume drift sand Sand drift acum.sand 
Date Month M3 M3/M-W UV 
elapsed 
day M3/m-w 
09/11/2005  0 0 0 0 0 
04/12/2005 Nov. 0.04 0.02 0.25 25 0.02 
03/01/2005 Dec. 0.04 0.02 0.25 55 0.04 
04/02/2006 Jan. 0.15 0.07 0.99 87 0.11 
03/03/2006 Feb. 0.76 0.35 4.94 114 0.46 
03/04/2006 Mar. 1.86 0.85 12.09 145 1.31 
Season (2006/2007) 
01/05/2006 Apr. 0.608 0.28 4 173 1.59 
01/06/2006 May 0.38 0.17 2.47 203 1.76 
03/07/2006 Jun. 0.19 0.09 1.23 235 1.85 
09/08/2006 Jul 0.15 0.07 0.99 272 1.92 
12/09/2006 Aug. 1.71 0.78 11.1 307 2.7 
09/02/2007 *** 1.29 0.59 8.43 457 3.29 
08/03/2007 Feb. 1.25 0.55 7.86 484 3.84 
05/04/2007 Mar. 0.65 0.28 4 512 4.12 
2.81 m3/m-w/yr.(2006/2007) 
10/05/2007 Apr. 0.91 0.4 5.71 547 4.52 
05/06/2007 May 0.76 0.33 4.71 573 4.85 
07/07/2007 Jun. 0.97 0.42 6 602 5.27 
08/08/2007 Jul. 2.05 0.89 12.71 639 6.16 
  13.16 6.16 83.73   
Sand drift rate for 639 days=6.16 m3/lm=.00096 m3/m-w/d=3.52 m3/m-w/yr. 
*** five months reading from 10/9/2006 to 9/2/2007 
M3/m-w= cubic meter per meter width 
M3/m-w/d=cubic meter per  meter width per day 
M3/m-w/yr.=cubic meter per  meter width per year 
vu=vector unit =.07 m3 
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Table  7  Sand drift rates observed during the study 
Adjusted average drift m3/m-w 
Site pt(112) start date 18/3/2005      
El Khowie UTM E0237107-N2090079 
rectangular Pt 2m width in relation to the prevailing wind  
Topography undulating Barchanoid & Barchan dunes 
elapse 
days acum. Sand  
date Month 
Volume 
M3 
Sand drift 
M3/m-w 
Sand 
drift 
uv  M3/m-w 
31/3/05 March 0.18 0.06 0.9 13 0.06  
season(2005/2006) 
05/02/2005 April 10.06 3.35 47.9 45 3.41 
06/04/2005 May 5.04 1.68 24.0 78 5.09 
07/04/2005 June 4.54 1.51 21.6 108 6.60 
30/7/2005 July 0.51 0.17 2.0 134 6.77 
31/8/2005 August 4.84 1.61 23.0 165 8.38 
10/01/2005 September 6.34 2.11 30.0 196 10.49 
11/08/2005 October 4.06 1.35 19.3 234 11.84 
12/03/2005 November 0.24 0.08 1.2 259 11.92 
01/02/2006 December 0.98 0.33 4.7 289 12.25 
02/03/2006 January 2.17 0.72 10.3 321 12.98 
03/02/2006 February 4.55 1.52 21.7 348 14.49 
4/4/2006 March 6.53 2.18 31.1 381 16.67  
16.61 m3/m-w /yr.(2005/2006) 
05/02/2006 April 3.11 1.04 16.4 409 17.71 
06/03/2006 May 5.73 1.91 30.3 441 19.62 
07/02/2006 June 7.20 2.42 38.6 470 22.04 
08/10/2006 July 3.39 1.13 18.0 509 23.17 
09/09/2006 August 8.05 2.68 38.3 539 25.85 
10/02/2008 * * * 16.14 5.38 76.9 693 31.23 
10/03/2007 February 6.48 2.16 30.90 721 33.39 
07/04/2007 March 6.65 2.22 31.71 749 35.61  
18.94 m3/m-w/yr.(2006/2007) 
09/05/2007 April 5.74 1.91 27.29 781 37.52 
04/06/2007 May 6.65 2.22 31.71 807 39.74 
03/07/2007 June 3.59 1.20 17.14 836 40.94 
07/08/2007 July 1.76 0.59 8.43 871 41.53 
  124.53 41.53 603.381    
sand drift for 871 days=41.53 m3/m-w =0.04768 m3/m-w/d=17.4 m3/m-w/yr. 
* * * =Reading for five months from 9/9/2006 to 10/2/2007 
M3/m-w=cubic meter per meter width 
M3/m-w /d=cubic meter per meter per day 
M3/m-w/yr.=cubic meter per meter width per year 
uv =vector unit =.07m3 
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Table  8  sand drift rates observed during the study 
adjusted average drift rate m3/m-w 
site Pt (141)start date 18/3/2005 
Wadi El Khowie UTM E 0237390/N 2092343 
topography undulating Barchanoid & Barchan dunes 
rectangular Pt 2m width in relation to the prevailing wind 
  volume sand drift vector unit acum.sand 
date month M3 M3/m-w vu 
elapsed 
day M3/m-w 
31/3/2005 March 0.32 0.11 2 13 0.11 
Season (2005/2006) 
05/02/2005 April 9.21 3.07 44 45 3.18 
06/04/2005 May 4.68 1.56 22 79 4.74 
07/04/2005 June 4.79 1.60 23 109 6.34 
30/7/2005 July 1.4 0.47 7 135 6.81 
31/8/2005 August 4.87 1.62 23 167 8.43 
10/01/2005 September 4.75 1.58 23 196 10.01 
11/08/2005 October 4.77 1.59 23 234 11.60 
12/03/2005 November 0.40 0.13 2 259 11.73 
01/02/2005 December 1.42 0.47 7 289 12.20 
02/03/2006 January 3.30 1.10 16 321 13.3 
03/02/2006 February 4.03 1.34 19 348 14.64 
04/04/2006 March 6.29 2.10 30 381 16.74 
16.63 m3/m-w/yr.(2005/2006) 
05/02/2006 April 2.61 0.87 14 409 17.61 
06/03/2006 May 3.95 1.32 22 441 18.93 
07/02/2006 June 3.35 1.12 18 470 20.05 
08/10/2006 July 1.33 0.44 8 509 20.49 
09/09/2006 August 8.27 2.76 39 539 23.25 
10/02/2007 * * * 17.1 5.70 79 155 28.95 
03/10/2007 February 4.77 1.59 23 721 30.54 
04/07/2007 March 6.03 2.01 29 749 32.55 
15.87 m3/m-w/yr.(2006/2007) 
05/09/2007 April 5.05 1.68 24 781 34.23 
06/04/2007 May 5.32 1.77 25 807 36.00 
07/03/2007 June 2.74 0.91 13 836 36.91 
08/07/2007 July 1.76 0.59 8 871 37.50 
  112.513 37.50 543   
Sand drift for 871 days=37.5 m3/m-w=0.04305 m3/m-w/d=15.7 m3/m-w/yr. 
* * * =reading for five months from 9/9/2006 to 10/2/2007 
M3/m-w = cubic meter per meter width 
M3/m-w/d =  cubic meter per meter width per day 
M3/m-w/yr. =  cubic meter per meter width per year 
uv =vector unit=.07 m3 
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Table 9 Comparison betweens 2 locations and 12 months during (2005/2006) 
  G.T=40.79          
   D.F S.S M.S F-Cal.        
  T 47 32.69          
  R 1 0.032 0.032 1.49        
  L 1 13.75 13.75** 638.05**        
  t 11 12.409 1.128 52.34**        
  Lt 11 6.003 0.546 25.34**        
  E 23 0.496 0.022         
  C.V=17.45          
  S.E ± for location (L) =0.03       
  S.E ± for time (t) =0.07       
  S.E ± for interaction ( L t) =0.10       
     
  
Table (  4-1   ) Effect of location, time of season and their interaction on sand drift rate (m3/m-w) 
during 2005/2006    
Months Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Des. locat.mean 
location 2006 2006 2006 2005 2005 2005 2005 2005 2005 2005 2005 2005  
El Khowie 0.91e 1.43d 2.14b 3.21a 1.62d 1.56cd 0.32gi 1.62cd 1.85bc 1.47d o.11h 0.40fgh 1.39a 
Golied 0.06i 0.21hi 0.46fg 0.64ef 0.21ghi 0.17ghi 0.32ghi 1.07e 0.40fh 0.20ghi 0.04i 0.03i 0.32c 
month mean 0.49f 0.82e 1.3bc 1.93a 0.93de 0.87e 0.32fg 1.35b 1.13cd 0.84e 0.08h 0.22gh 0.86b 
Means followed by similar letters are not significantly different at 0.05 level of probability according to DNMRT 
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Table 10 Comparison between 3 locations and 7 times during (2006/2007) 
  G.T=34.18       
   D.F S.S M.S F-Cal.     
  T 41 25.023       
  R 1 0.288 0.288 4.42     
  L 2 16.25 8.125** 124.66     
  t 6 5.282 0.880** 13.5     
  Lt 12 1.9 0.158 2.42     
  E 20 1.304 0.065      
  C.V=31.33       
  S.E ± for location (L) =0.07    
  S.E ± for time (t) =0.10    
  S.E ± for interaction ( L t) =0.18    
Table (  4-2   ) Effect of location, time of season and their interaction on sand drift rate (m3/m-w) 
during 2006/2007  
Months Feb. Mar. Apr. May Jun. Jul. Aug. locat.mean 
location 2007 2007 2006 2006 2006 2006 2006  
El Khowie 1.88b 2.12b 0.96c 1.62b 1.77b 0.79cd 2.72a 1.69a 
Golied 0.61cde 0.56cdef 0,15efg 0.59cde 0.21efg 0.02g 0.93bc 0.44b 
Baja 0.61cde 0.32befg 0.27defg 0.28defg 0.05fg 0.06fg 0.64cde 0.32b 
month mean 1.03b 1.00b 0.46de 0.83bc 0.68cd 0.29e 1.43a   
Means followed by similar letters are not significantly different at 0.05 level of probability according to DNMRT 
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Table 11 Sand drift rates observed during the study 
Adjusted average 30-day drift rate m3/m-w 
Baja Vertical sand traps (0-30cm),(30-60cm)&creeping sand 
Three direction wind oriented (NE ,N ,&NW ) 
Febraury/2005 to Janaury/2006 
Vertical 0-30  cm Vertical 30-60  cm Creeping Sand  
NE N NW NE N NW NE N NW 
months             July & August (S,SW&w) 
Feb.2005 0.16 0.20 0.12 0.032 0.041 0.008 0.004 0.003 0.003 
Mar.2005 0.04 0.14 0.09 0.009 0.014 0.012 0.001 0.001 0.001 
Apr.2005 0.28 0.57 0.37 0.053 0.084 0.061 0.009 0.007 0.007 
May.2005 0.07 0.15 0.12 0.013 0.023 0.014 0.003 0.003 0.003 
Jun.2005 0.06 0.06 0.04 0.030 0.026 0.009 0.003 0.003 0.003 
jul.2005 0.23 0.26 0.24 0.024 0.031 0.024 0.014 0.016 0.011 
Aug.2005 0.29 0.33 0.30 0.030 0.039 0.032 0.012 0.010 0.005 
Sep.2005 0.02 0.01 0.01 0.002 0.002 0.001 0.000 0.000 0.000 
Oct.2005 0.01 0.01 0.00 0.001 0.001 0.001 0.000 0.000 0.000 
Nov.2005 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 
Dec.2005 0.01 0.01 0.01 0.001 0.001 0.001 0.000 0.000 0.000 
Jan.2006 0.01 0.02 0.01 0.001 0.001 0.001 0.000 0.000 0.000 
TOTAL 1.18 1.76 1.31 0.194 0.263 0.164 0.048 0.044 0.034 
164 
 
Table 12. Mean square values of height and direction of trap on sand drift 
rate at El Baja during Feb./2005 to Jan./2006) 
Source of variation d.f Sand drift (m3/m – w ) 
Replication 2 0.0009N.S 
Month   (m) 11 0.0759** 
Height   (H) 2 0.4246** 
Direction  (D) 2 0.0098** 
M X H interaction 22 0.0469** 
M X D interaction 22 0.0024** 
H x D interaction 4 0.0069** 
M X H XD interaction 44 0.0017** 
Error ( E ) 214 0.0002** 
C.V (%)  33.05 
N.S : Not significant. 
** : Significant at 0,01
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Table.13.  Effect of vertical sand trap height on sand drift rate during the 
months of season (2005/2006) at Wadi Hawor sand sheet in  El Baja area 
Months 
Height cm 
0 - 30 30 – 60 Creeping Month mean
Jan. 0.01jk 0.00k 0.00k 0.003i 
Feb. 0.16d 0.03i 0.00k 0.06d 
Mar. 0.09f 0.01jk 0.00k 0.03f 
Apr. 0.41a 0.07g 0.01jk 0.16a 
May 0.11e 0.02ij 0.00k 0.04 
Jun. 0.05h 0.02i 0.00k 0.03 
Jul. 0.25 0.03i 0.01jk 0.10c 
Aug. 0.31b 0.03i 0.01jk 0.12b 
Sep. 0.01jk 0.003qr 0.00k 0.007h 
Oct. 0.01jk 0.00k 0.00k 0.003i 
Nov. 0.00k 0.00k 0.00k 0.00j 
Dec. 0.01jk 0.003qr 0.00k 0.003i 
Height mean 0.12a    0.02b   0.003c    
Percentage  83.90% 14% 2.1%  
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Table.14.  Effect of direction of prevailing wind  on sand drift rate during the months of season (2005/2006) at 
Wadi Hawor sand sheet in El Baja area 
Months 
Dirctions 
Jan. Fe. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 
Height 
mean 
NE 0.003pq 0.06i 0.02o 0.12d 0.03m 0.03m 0.09g 0.11e 0.007p 0.003pq 0.000q 0.007p 0.04b 
N 0.007p 0.08h 0.05j 0.22a 0.06i 0.03m 0.10f 0.13c 0.003pq 0.003pq 0.000q 0.003pq 
0.06a 
 
NW 0.003pq 0.04k 0.04k 0.15b 0.05jk 0.02o 0.09g 0.11e 0.003pq 0.000q 0.000q 0.003pq 0.04b 
Month 
mean 
0.003i 0.06d 0.03f 0.16a 0.04e 0.03g 0.10c 0.12b 0.007h 0.003i 0.000j 0.003i  
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Table.15.  Effect of vertical sand trap height, Direction of wind and their 
interaction on  sand drift rate at Wadi Hawor sand sheet in El Baja area 
Trap height 
Trap direction 
(0 – 30)     
cm 
(30 – 60)   
cm 
Creeping sand 
Direction 
mean 
NE 0.10c 0.02d 0.003e 0.04b 
N 0.15a 0.02d 0.003e 0.06a 
NW 0.11b 0.02d 0.003e 0.04b 
Height mean 0.12 0.02b 0.003c  
 
S.E  ± for height         (H)         0.02 
S.E  ± for direction     (D)         0.02 
S.E  ± for H D (interaction)      0.03 
Means which followed by similar letters are not significantly different  at 
0.05 level of probability accordingly to DNMRT.   
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Table .16. Monthly mean/total meteorological data for Dongola station 
during 2005. 
wind Element 
Dir. Speed 
Knots 
 Rainfall  
(mm)  
Blowing 
sand 
vis. 
1km 
Sand 
storm 
vis.≤ 
1km 
Max.wind 
(GUST) 
MPH 
January N 9 0.0 17 0 33 
February N 10 0.0 16 0 32 
March NNW 12 0.0 23 0 29 
April N 12 0.0 25 5 37 
May N 10 0.0 0 0 29 
June NNW 11 0.0 26 0 29 
July N 9 10.4 19 5 38 
August NNW 10 3 0 0 36 
September N 10 TR 25 0 30 
October NNW 12 0.0 26 0 37 
November NNW 11 0.0 14 0 29 
December NNW 9 0.0 10 4 29 
Total  125 13.4 201 14  
Source: Ministry of Science and Technology. Administration of Data Services (Sudan) 
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Table.17. Monthly mean/total meteorological data for Dongola station 
during 2006. 
 
 
wind Elem
ent 
Dir. Speed 
Knots 
 Rainfall  
(mm)  
Blowing 
sand 
vis. 
1km 
Sand 
storm 
vis.≤ 
1km 
Max.wind 
(GUST) 
MPH 
 
January N 10 0.0 12 0 28 
February N 9 0.0 15 1 35 
March N 9 0.0 21 2 NA 
April NNW 9 0.0 15 0 NA 
May N 11 TR 24 2 33 
June NNW 10 0.8 19 0 31 
July N 9 10.4 8 0 25 
August NNW 8 3 15 1 29 
September N 9 TR 24 7 30 
October N 11 0.0 24 1 32 
November NNW 11 0.0 20 0 NA 
December NNW 9 0.0 23 1 29 
Total  115 0.8 220 15  
Source: Ministry of Science and Technology. Administration of Data Services (Sudan) 
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Table. 18. Monthly mean /total meteorological  data for Dongola station 
during 2007 
wind 
Elem
ent Dir. Speed Knots 
Rainfall 
(mm) 
Blowing 
sand 
vis. 
1km 
Sand 
storm 
vis.≤ 
1km 
Max.wind 
(GUST) 
MPH 
 
January NW 10 0.0 21 3 28 
February NNW 9 0.0 21 1 31 
March N 10 0.0 23 4 31 
April N 10 0.0 23 2 31 
May NNW 11 0.0 20 1 35 
June NW 9 0.0 19 1 31 
July S 8 25.3 18 2 35 
August N 9 0.0 20 2 40 
September N 11 0.0 25 0 37 
October NNW 11 0.0 23 0 30 
November N 11 0.0 20 0 29 
December NNW 10 0.0 19 0 31 
Total  119 25.3 252 16 389 
Source: Ministry of Science and Technology. Administration of Data Services (Sudan) 
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19. Calculation of drifting sand using Kestrel 1000 pocket wind meter 
El Baja sand sheet 
Date:    15.4.2006 
Duration:  4.5 hours 
Height of measurement: 1  m =Z1m 
Average maximum speed: 11.4 m/s 
Average mean speed: 8.3 m/s 
Drifting sand: 2090 g, by VST has 2cm wide slot 
                       =2090 g/2cm 
                       =1045 g/cm/4.5hr. 
                       =232.2 g/cm/hr.  
                       =0.065 g/cm/s 
20. Calculation of drifting sand using Kestrel 1000 pocket wind meter 
El Khowie dune field 
Date:    15.4.2005 
Duration:  110 minute 
Height of measurement: 1.5  m =Z1.5m 
Average maximum speed: 11.23 m/s 
Average mean speed: 8.57 m/s 
Drifting sand: 19700  g, by HST has 33cm diameter 
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                       =19700g/33cm/110minutes  
                       =5.43g/cm/minute 
                        =0.09g/cm/s 
21. Calculation of drifting sand using Kestrel 1000 pocket wind meter 
El Khowie dune field 
Date:    3. 4. 2005 
Duration:  80 minute 
Height of measurement: 1.5  m =Z1.5m 
Average maximum speed: 11.88 m/s 
Average mean speed: 8.36m/s 
Drifting sand: 9400g by  HST has 33cm diameter 
                       = 9400g/33cm/80minute 
                       =285g/cm/80minute 
                       =3.56 g/cm/minute 
                       = 0.06g/cm/s 
22. Calculation of threshold velocity (U*t) 
U*t = A{ (pp – pa)/pa gd}1/2          Bagnold(1941) 
                                =0.1 { (2.65 – 0.00122)/0.00122) 981*d }1/2 
                                = 146(d)1/2 
                                       d = 0.35  mm for El Baja sand drift 
                          d = 0.23  mm for El Golied sand drift 
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                          d = 0.16  mm for El Khowie sand drift 
                          d = 0.29  mm for El Khowie dune field 
data from table 4.11 
U*t = 146(0.035)1/2        = 27 cm/s    El Baja 
U*t = 146(0.023)1/2        = 22cm/s   El Golied 
U*t  = 146(0.016)1/2       =18.5 cm/s  El Khowie sand drift 
U*t = 1469(0.029)1/2     = 25 cm/s     El Khowie dune 
 
 
